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An a n a l y s i s  o f  b a s i c  t y p e s  o f  v a r i a b l e s  and c o n s t r a i n t s  

i n v o l v e d  i n  w r i t i n g  Gemini f l i g h t  p l a n s  i s  summarized i n  t h i s  

memorandum. I n  w r i t i n g  a f l i g h t  p l a n ,  i t  i s  u s e f u l  f o r  t h e  f l i g h t  

p l a n n e r  t o  have  a means of i n t e g r a t i n g  c o n s t r a i n t  da ta  f rom a 

v a r i e t y  o f  s o u r c e s  as i t  e v o l v e s .  H i s  d e c i s i o n s  r e g a r d i n g  t h e  

s c h e d u l e  o f  f l i g h t - c r e w  and  r e l a t e d  g r o u n d - s t a t i o n  o p e r a t i o n s  i n -  

f l u e n c e  t h e s e  c o n s t r a i n t s .  The Gemini a n a l y s i s  i l l u s t r a t e s  t y p e s  o f  

v a r i a b l e s  b y  which a f l i g h t  p l a n  and a s s o c i a t e d  c o n s t r a i n t s  can be  

b u i l t  up as an i n t e r n a l l y  c o n s i s t e n t  body o f  da ta  for s u b s e q u e n t  

s c h e d u l i n g  or u p d a t i n g .  
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I .  I N T R O D U C T I O N  

The r e v i e w  o f  Gemini f l i g h t  p l a n n i n g  summarized i n  t h i s  
memorandum r e p o r t s  one a s p e c t  o f  a s t u d y  i n i t i a t e d  a t  t h e  r e q u e s t  
o f  MSC l a t e  i n  1966.  The s t u d y  was r e q u e s t e d  by J .  P .  L o f t u s ,  
C h i e f ,  O p e r a t i o n s  I n t e g r a t i o n  Branch ,  ASPO, and J .  B .  J o n e s ,  C h i e f ,  
F l i g h t  P l a n n i n g  Branch ,  FCOD. Broad ly  s t a t ed ,  t h e  o v e r a l l  t a s k  
was t o  make an a n a l y t i c a l  s t u d y  o f  t h e  f l i g h t - p l a n n i n g  p r o c e s s ,  
d e f i n e  i t s  b a s i c  f u n c t i o n s ,  and d e s c r i b e  i t  i n  terms o f  s p e c i f i c  
v a r i a b l e s .  A s  d e f i n e d  i n  t h i s  s t u d y ,  f l i g h t  p l a n n i n g  re fers  to 
t h o s e  a s p e c t s  o f  p l a n n i n g  a m i s s i o n  t h a t  are  p r i m a r i l y  d i r e c t e d  
t o w a r d  i s s u i n g  f l i g h t  p l a n s .  The f l i g h t  p l a n  o u t l i n e s  a nomina l  
s e q u e n c e  o f  s p a c e c r a f t  and r e l a t e d  g r o u n d - s t a t i o n  o p e r a t i o n s  by 
which  t o  a c h i e v e  a d e s i g n a t e d  s e t  o f  m i s s i o n  o b j e c t i v e s .  Al though 
w r i t i n g  a f l i g h t  p l a n  i s  an i n t e g r a l  p a r t  o f  m i s s i o n  p l a n n i n g ,  i t  
i s  u s e f u l  to d i s t i n g u i s h  f l i g h t  p l a n n i n g  from o t h e r  c l o s e l y  re -  
l a t e d  areas,  s u c h  as m i s s i o n - s u p p o r t ,  t r a j e c t o r y ,  or r e c o v e r y  
p l a n n i n g .  

A n a l y s i s  o f  f l i g h t  p l a n n i n g  was based upon a s t u d y  o f  
f l i g h t  p l a n s  f o r  Gemini m i s s i o n s .  The l a t e r  Gemini m i s s i o n s  i n  
p a r t i c u l a r  i l l u s t r a t e d  many f a c t o r s  a s s o c i a t e d  w i t h  r e n d e z v o u s ,  a 
v a r i e t y  o f  e x p e r i m e n t s  , EVA a c t i v i t i e s ,  and o t h e r  e a r t h - o r b i t a l  
o p e r a t i o n s  t h a t  are  e x p e c t e d  t o  be e n c o u n t e r e d  i n  f u t u r e  p rograms .  
A comple t ed  s e t  o f  nomina l  f l i g h t  p l a n s  on which t o  base t h e  a n a l y s i s  
was a v a i l a b l e  f rom t h e  Gemini program. These f l i g h t  p l a n s  were com- 
p i l e d  by a smal l  g roup  o f  e x p e r t s  who c o o r d i n a t e d  them w i t h  o t h e r  
m i s s i o n - p l a n n i n g  f u n c t i o n s .  D i s c u s s i o n  w i t h  t h e  f l i g h t  p l a n n e r s  
o f  t h e  f a c t o r s  t h a t  had  t o  be c o n s i d e r e d  i n  w r i t i n g  t h e s e  documents 
was an e s s e n t i a l  a s p e c t  o f  t h i s  r e v i e w .  

T h i s  s t u d y  was i n t e n d e d  t o  c o n t r i b u t e  t o  t h e  h a n d l l n g  and 
c o o r d i n a t i o n  o f  f l i g h t - p l a n n i n g  i n f o r m a t i o n  f o r  i n c r e a s i n g l y  complex 
m i s s i o n s .  M i s s i o n  complex i ty  adds t o  b o t h  da ta  r e q u i r e m e n t s  and 
d i v e r s i t y  o f  s o u r c e s ,  and l o n g e r  m i s s i o n  d u r a t i o n s  w i l l  l e ad  t o  
g r e a t e r  n e e d  f o r  r e a l - t i m e  f l i g h t  p l a n n i n g .  I t  was i n d i c a t e d  t h a t  
f u r t h e r  s t r u c t u r i n g  o f  f l i g h t - p l a n n i n g  da ta  t o  f a c i l i t a t e  f l i g h t -  
p l a n  e v a l u a t i o n  and compliance w i t h  c o n s t r a i n t s  would be  a u s e f u l  
r e s u l t .  An a n a l y t i c a l  s t u d y  was a l s o  needed  as a p a r t  of t h e  
e v a l u a t i o n  o f  c o m p u t e r i z e d  i n f o r m a t i o n  h a n d l i n g  i n  p r e - m i s s i o n  or 
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r e a l - t i m e  f l i g h t  p l a n n i n g .  As t h e  s t u d y  p r o g r e s s e d ,  an a t t e m p t  
was made to s t r u c t u r e  t h e  i n f o r m a t i o n  and v a r i a b l e s  s o  as t o  b e  
a d a p t a b l e  t o  s t o r a g e  and r e t r i e v a l  by an au tomated  s y s t e m .  

D e f i n i t i o n  of t h e  problem i n  more s p e c i f i c  terms r e s u l t e d  
from s u b s t a n t i a l  i n i t i a l  s t u d y  o f  t h e  i n f o r m a t i o n  i n  t h e  f l i g h t  
p l a n s ,  i m p l i e d  s y s t e m s  f u n c t i o n s ,  and m i s s i o n - p l a n n i n g  i n t e r f a c e s .  
I n  examin ing  a v a r i e t y  of f a c t o r s ,  i t  was found  t h a t  some of t h e  
v a r i a b l e s  t h a t  i n f l u e n c e  t h e  f l i g h t  p l a n  are e i t h e r  c o n s t r a i n e d  
or l a r g e l y  d e t e r m i n e d  i n  o t h e r  areas o f  m i s s i o n  p l a n n i n g .  An i m -  
p o r t a n t  f u n c t i o n  of t h e  f l i g h t  p l a n n e r  i s  t o  s y n t h e s i z e  c o n s t r a i n t  
i n f o r m a t i o n  from many s o u r c e s .  P e r t i n e n t  c o n s t r a i n t s  can  a r i s e  
f rom s y s t e m  o r  e n v i r o n m e n t a l  c h a r a c t e r i s t i c s ;  t h e y  may r e p r e s e n t  
m i s s i o n  p l a n n i n g  d e c i s i o n s ,  o r  t h e y  may r e s u l t  from p r e v i o u s  
d e c i s i o n s  made by t h e  f l i g h t  p l a n n e r .  A f o c u s  on t h i s  a s p e c t  o f  
f l i g h t  p l a n n i n g  was a d o p t e d  for a n a l y s i s  as a b a s i c  c o n s i d e r a t i o n  
i n  t h e  o r g a n i z a t i o n  o f  f l i g h t - p l a n n i n g  da ta  and t h e  d e f i n i t i o n  o f  
v a r i  a b  l e  s . 

The r e s u l t s  summarized i n  t h e  f o l l o w i n g  d i s c u s s i o n  
p r e s e n t  a p a r t i c u l a r  approach  t o  c o n s t r a i n t  a n a l y s i s  f o r  f l i g h t  
p l a n n i n g .  These  r e s u l t s  i l l u s t r a t e  how b a s i c  t y p e s  o f  v a r i a b l e s  
and r e l a t i o n s h i p s  a f f e c t  an a l l o w a b l e  s e q u e n c e  o f  o p e r a t i o n s  as 
o b s e r v e d  i n  Gemini f l i g h t  p l a n s .  The  v a r i a b l e s  d e f i n e d  would a l s o  
have  a p p l i c a t i o n  t o  o t h e r  a s p e c t s  o f  f l i g h t  p l a n n i n g ,  s u c h  as 
a c h e i v i n g  an e f f i c i e n t  u se  of crew t i m e  or o t h e r  consumables  o v e r  
a m i s s i o n .  The f o c u s  on c o n s t r a i n t s ,  i n  a d d i t i o n ,  i s  r e l a t i v e l y  
f r e e  o f  a s s u m p t i o n s  abou t  p r o g r a m - s p e c i f i c  o b j e c t i v e s  or s p e c i a l  
c r i t e r i a  f o r  f l i g h t - p l a n  o p t i m i z a t i o n .  

An a d d i t i o n a l  phase  o f  t h e  s t u d y  was t h e  e x a m i n a t i o n  o f  
a b a s i c  model t o  f u r t h e r  a n a l y z e  t h e  v a r i a b l e s  and t h e  l o g i c  o f  
c o n s t r a i n t  a n a l y s i s .  T h i s  e x p l o r a t o r y  model,  t o  be  d e s c r i b e d  i n  a 
s e p a r a t e  memorandum, was developed  i n  p a r a l l e l  w i t h  t h e  Gemini 
s t u d y  and i s  s imi la r  i n  concep t .  The model ,  however ,  i s  i l l u s t r a t e d  
i n  terms of t y p i c a l  Apo l lo  o r  AAP v a r i a b l e s .  I t  i s  p r i m a r i l y  con- 
c e r n e d  w i t h  s t u d y i n g  a p a r t i c u l a r  f o r m a t t i n g  and o r g a n i z a t i o n  o f  
t h e  v a r i a b l e s  and i d e n t i f y i n g  l o g i c a l  f u n c t i o n s  r e q u i r e d  t o  o p e r a t e  
on them. The Gemini s t u d y ,  on t h e  o t h e r  h a n d ,  r e l a t e s  t y p e s  o f  
c o n s t r a i n t s  t h a t  c o u l d  be r e p r e s e n t e d  w i t h i n  t h i s  framework t o  
r e q u i r e d  t e m p o r a l  r e l a t i o n s h i p s  among m i s s i o n  o p e r a t i o n s  i n  a f l i g h t  
p i a n .  

11. OBSERVATIONS ON FLIGHT-PLANNING DATA 

The p r i m a r y  f u n c t i o n  of t h e  f l i g h t  p l a n  d u r i n g  a m i s s i o n  
i s  t o  p r o v i d e  an o v e r a l l  s c h e d u l e  of o p e r a t i o n s  for t h e  f l i g h t  crew 
and g round-suppor t  p e r s o n n e l .  S p e c i a l  o p e r a t i o n s  s u c h  as l a u n c h ,  
r e e n t r y ,  r e n d e z v o u s ,  EVA,  o r  e x p e r i m e n t s  are  e x e c u t e d  by t h e  crew 
from s e p a r a t e l y - c a r r i e d  p r o c e d u r e s  books .  A summary fo rma t  o f  t h e  
f l i g h t  p l a n  i s  p r e p a r e d  f o r  m i s s i o n  u s e  and  i s  i s s u e d  as one see- 

, t i o n  o f  t h e  f l i g h t - p l a n  document. The summary f l i g h t  p l a n  i d e n t i -  
f i e s  ma jo r  o p e r a t i o n s  and k e y  t r a n s i t i o n s  o f  s p a c e c r a f t  s y s t e m s  , 
s u c h  as g u i d a n c e  modes,  on a s c a l e  of g r o u n d - e l a p s e d  t i m e  ( G E T ) .  
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I t  a l s o  i n c o r p o r a t e s  p e r t i n e n t  m i s s i o n  e v e n t s  s u c h  as r e v o l u t i o n  
numbers , s t a t i o n  p a s s e s  , and d a y / n i g h t  c y c l e s  o f  t h e  o r b i t i n g  
v e h i c l e .  T h i s  fo rma t  i s  e a s i l y  u p d a t e d  b y  s h i f t i n g  b l o c k s  o f  
p r o c e d u r e  or e v e n t s  on t h e  time s c a l e .  S i n c e  t h e  nomina l  f l i g h t  
p l a n  p r o v i d e s  a common base o f  i n f o r m a t i o n  f o r  t h e  crew and  t h e  
g r o u n d ,  i t  g r e a t l y  r e d u c e s  t h e  n e e d  f o r  a i r - g r o u n d  communicat ions 
i n  c o o r d i n a t i n g  or u p d a t i n g  o f  t h e  m i s s i o n  s c h e d u l e .  

One e s s e n t i a l  a s p e c t  o f  data  o r g a n i z a t i o n  f o r  t h e  
f l i g h t  p l a n  i s  t h e  i d e n t i f i c a t i o n  of  a p p r o p r i a t e  b l o c k s  o f  crew 
p r o c e d u r e  t o  c o r r e s p o n d  t o  f l i g h t - p l a n  u s e .  Segments  of  m i s s i o n  
p r o c e d u r e  t h a t  are s c h e d u l e d  or u p d a t e d  as u n i t s  a r e  r e f e r r e d  t o  
as a c t i v i t i e s  i n  t h i s  s t u d y .  A d i s c u s s i o n ,  c a t e g o r i z a t i o n ,  and 
i l l u s t r a t i v e  l i s t  o f  Gemini a c t i v i t i e s  i s  c o n t a i n e d  i n  Appendix A ,  
as d e r i v e d  f rom f l i g h t  p l a n s  f o r  GT-8 t h r o u g h  GT-12. The a c t i v i t i e s  
i d e n t i f i e d  v a r y  f rom e n t i r e  phases ,  s u c h  as l a u n c h ,  t o  s i m p l y  a 
t r a n s i t i o n  of a s i n g l e  s w i t c h .  A p p r o p r i a t e  c h o i c e s  e v o l v e  a l o n g  
w i t h  t h e  m i s s i o n  o b j e c t i v e s ,  t h e  d e s i g n  o f  t h e  s y s t e m ,  t h e  w r i t i n g  
o f  crew p r o c e d u r e s ,  and  s c h e d u l i n g  i n  t h e  f l i g h t  p l a n .  They  may 
v a r y  c o n s i d e r a b l y  f o r  d i f f e r e n t  t y p e s  o f  m i s s i o n s  or may be  dependen t  
upon s p e c i f i c  c h a r a c t e r i s t i c s  o f  t h e  m i s s i o n  p l a n .  Major  c h a r a c -  
t e r i s t i c s  o f  t h e  a c t i v i t y  d e f i n i t i o n s  i l l u s t r a t e d  i n  Appendix A 
i n c l u d e  t h e  f o l l o w i n g :  

1. R e f e r e n c e  t o  a b a s i c  s y s t e m - o p e r a t i n g  p r o c e d u r e ,  

2 .  P r o v i s i o n  f o r  s c h e d u l i n g  or r e - s c h e d u l i n g  an a c t i v i t y  
s e p a r a t e l y  as a u n i t ,  

3.  Convenience i n  s p e c i f y i n g  r e q u i r e m e n t s  a s s o c i a t e d  w i t h  
t h e  a c t i v i t y ,  

4 .  Comple t ion  o f  a d e f i n e d  m i s s i o n  p a y - o f f ,  and  

5 .  I n d i c a t i o n  o f  an i m p o r t a n t  s t a t e  t r a n s i t i o n  f o r  e n t r y  
i n  t h e  summary f l i g h t  p l a n .  

A s e c o n d  f a c e t  o f  t h e  f l i g h t - p l a n n i n g  problem i s  d e f i n i -  
t i o n  o f  t h e  r e l e v a n t  da ta  a t  an  a p p r o p r i a t e  l e v e l  o f  d e t a i l .  The 
i n f o r m a t i o n  c o n t a i n e d  i n  t h e  summary f l i g h t  p l a n  i s  c o n s i d e r a b l y  
l e s s  t h a n  t h a t  n e c e s s a r y  t o  a s s e s s  d e t a i l e d  c o n d i t i o n s  t h a t  may be  
r e q u i r e d  t o  s c h e d u l e  an a c t i v i t y .  Some o f  t h e  s u p p o r t i n g  in fo rma-  
t i o n  f o r  Gemini f l i g h t  p l a n s  was s u p p l i e d  by t h e  Gemini O p e r a t i o n s  
Handbook and  a r e f e r e n c e  t r a j e c t o r y .  A d d i t i o n a l  p r o c e d u r e s  and a 
d e t a i l e d  f l i g h t  p l a n  were a l s o  i s s u e d  as a p a r t  of t h e  f l i g h t - p l a n  
document .  Detailed f l i g h t  p l a n s  p r o v i d e d ,  as one f u n c t i o n ,  a means 
o f  t r a c k i n g  m a j o r  s y s t e m  and crew s t a t e s  t h r o u g h o u t  a nomina l  
s e q u e n c e .  P r o f i l e s  o f  a t t i t u d e - c o n t r o l  mode, p l a t f o r m  mode, and  
computer  mode were d i s p l a y e d  i n d i v i d u a l l y  i n  v e r t i c a l  columns b e s i d e  
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p r o c e d u r a l  e n t r i e s ,  s i n c e  t h e y  r e p r e s e n t e d  ma jo r  s t a t e s  i n  t h e  
hardware c o n f i g u r a t i o n .  These p l a n s  were g e n e r a l l y  i n c l u d e d  for 
l a u n c h ,  r e e n t r y  and  rendezvous  where a p p l i c a b l e .  F u l l  d e t a i l e d  
f l i g h t  p l a n s  were w r i t t e n  f o r  t h e  e a r l y  Gemini m i s s i o n s ,  o m i t t e d  
f o r  t h e  l o n g e r - d u r a t i o n  m i s s i o n s  s u c h  as GT-5 and GT-7, and  were 
w r i t t e n  f o r  t h e  Rendezvous/EVA m i s s i o n s  GT-8 t h r o u g h  1 0 .  A s  t h e  
f l i g h t  p l a n n e r s  and  o t h e r  p e r s o n n e l  g a i n e d  a h i g h l y  d e t a i l e d  
knowledge o f  s p e c i - X c  m i s s i o n  t y p e s ,  t h e  n e e d  f o r  a d e t a i l e d  
f l i g h t  p l a n  d e c r e a s e d .  T h i s  l e v e l  o f  d e t a i l ,  however,  i s  i n d i c a -  
t i v e  o f  t h e  i n f o r m a t i o n  r e q u i r e d  f o r  c o n s t r a i n t  a n a l y s i s .  

S e v e r a l  o b s e r v a t i o n s  on t h e  c o o r d i n a t i o n  o f  f l i g h t  
p l a n n i n g  w i t h  o t h e r  m i s s i o n  p l a n n i n g  f u n c t i o n s  a r e  also p e r t i n e n t  
t o  o r g a n i z i n g  t h e  data  i n  a u s e f u l  manner.  T i m e l i n e  da ta  on crew 
o p e r a t i o n s  e v o l v e s  w i t h  and  i n f l u e n c e s  m i s s i o n  p l a n n i n g  f rom i t s  
e a r l y  s t a g e s  t o  f i n a l  s i m u l a t i o n s  and p l a n n i n g  o f  crew t r a i n i n g .  
A s  t h e  d e f i n i t i o n  o f  crew a c t i v i t i e s  and  p r o c e d u r e s  d e v e l o p s  a l o n g  
w i t h  p l a n n i n g  t r a j e c t o r i e s  and  o t h e r  m i s s i o n  p r o f i l e s ,  t h e  l e v e l  o f  
d e t a i l  a t  which t h e y  a r e  i n t e r f a c e d  i n c r e a s e s .  The da ta  s t r u c t u r e  
s h o u l d  b e  c a p a b l e  o f  accommodating i n f o r m a t i o n  a t  v a r y i n g  l e v e l s  
of d e t a i l  f o r  p r e l i m i n a r y  p l a n n i n g  as w e l l  as f o r  f i n a l  p l a n n i n g .  
I n  a d d i t i o n ,  t h e  i t e r a t i v e  n a t u r e  o f  m i s s i o n  p l a n n i n g  makes i t  c?esir- 
ab le  t o  o r g a n i z e  t h e  data  s o  t h a t  f i n a l  c o n s t r a i n t s  do n o t  depend 
upon t h e  p a r t i c u l a r  o r d e r  i n  which i n f o r m a t i o n  was r e c e i v e d .  I t  
s h o u l d  a l s o  be  p o s s i b l e  t o  s c h e d u l e  a c t i v i t i e s  i n  any o r d e r  w i t h o u t  
p r e c l u d i n g  a n  a v a i l a b l e  f l i g h t - p l a n  s o l u t i o n .  The s t r a t e g y  b y  
which  t h e  f l i g h t  p l a n n e r  e l e c t s  t o  s c h e d u l e  them, however ,  unavoid-  
a b l y  c o n s t r a i n s  h i s  subsequen t  c h o i c e s .  The f o l l o w i n g  d i s c u s s i o n  
i l l u s t r a t e s  an a p p r o a c h  t o  c o n s t r a i n t  a n a l y s i s  t h a t  m e e t s  t h e s e  
g e n e r a l  c h a r a c t e r i s t i c s .  

111. APPROACH TO C O N S T R A I N T  ANALYSIS 

I n  o r d e r  t o  s p e c i f y  f l i g h t  p l a n n i n g  da ta  i n  terms o f  
v a r i a b l e s ,  i t  i s  advan tageous  t o  view t h e  f l i g h t  p l a n  as a s e r i e s  
o f  p r o f i l e s  i n  m i s s i o n  t i m e .  Ground-e lapsed  t i m e  (GET)  f rom l i f t -  
o f f  t o  sp lashdown p r o v i d e s  t h e  b a s i c  t i m e  r e f e r e n c e  f o r  s e q u e n c e s  
o f  a c t i v i t i e s  and  r e l a t e d  p r o f i l e s .  The a c t i v i t y  p r o f i l e  i s  d e s c r i b e d  
i n  terms o f  a c t i v i t y  names and t imes a t  which  t h e y  a r e  s c h e d u l e d ,  s u c h  
as t i m e  o f  i n i t i a t i o n  o r  t e r m i n a t i o n  o f  a n  a c t i v i t y .  
o f  i n t e r e s t  i n  f l i g h t  p l a n n i n g  i n c l u d e  s t a t e s  such  as d a y / n i g h t  
c y c l e s ,  s p a c e c r a f t  a t t i t u d e ,  c o n t r o l  modes, o r  e l e c t r i c a l  power 
t h a t  are  r e l a t e d  t o  some a c t i v i t i e s .  

O the r  p r o f i l e s  

A s y s t e m  s t a t e  v a r i a b l e ,  i n  t h i s  c o n t e x t ,  i s  d e f i n e d  by 
a s e t  of v a l u e s  t h a t  can  be  assumed t h r o u g h o u t  a p r o f i l e .  These  
v a l u e s  may b e  n u m e r i c ,  as a t t i t u d e  c o o r d i n a t e s  or u s a b l e  p r o p e l l a n t ,  
or t h e y  may be a l p h a m e r i c ,  a s  crew l o c a t i o n s  or d i s c r e t e  s t a t e s  o f  
a ha rdware  s y s t e m .  V a r i a b l e s  i d e n t i f i e d  t o  e x p r e s s  r e q u i r e m e n t s  and 
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c o n s t r a i n t s  on Gemini a c t i v i t i e s  are  d i s c u s s e d  and i l l u s t r a t e d  
i n  Appendix B .  I n  a d d i t i o n  t o  a c t i v i t i e s  and t i m e ,  s i x  c a t e g o r i e s  
o f  s t a t e  v a r i a b l e s  a r e  i n c l u d e d :  

1. T r a j e c t o r y  

2 .  A t t i t u d e  

3 .  C o n f i g u r a t i o n  

4. Hardware Systems 

5 .  C r e w  

6 .  Consumables 

A c o n s t r a i n t  on one o f  t h e  v a r i a b l e s  i s  a l i m i t a t i o n  
o f  t h e  v a l u e s  t h a t  t h e  v a r i a b l e  can t a k e  o n .  C o n s t r a i n t s  on t h e  
t y p e s  o f  v a r i a b l e s  i d e n t i f i e d  c o u l d  be  d e f i n e d  by u s i n g  a r i t h m e t i c  
or l o g i c a l  r e l a t i o n s  s u c h  as 2, > ,  =, #, " A N D " ,  ''OR" , "NOT" .  The 
c o n s t r a i n t s  o f  i n t e r e s t  i n  f l i g h t  p l a n n i n g  must accoun t  f o r  b o t h  
s t a t e  and  t i m e .  C o n s t r a i n t s  on an a c t i v i t y  g e n e r a l l y  r e f e r  t o  a 
l i m i t a t i o n  on t h e  t imes  a t  which t h e  a c t i v i t y  can b e  s c h e d u l e d .  

The s t r u c t u r e  o f  c o n s t r a i n t s  i n  t h e  f l i g h t  p l a n  i s  
a n a l y z e d  a s  r e l a t i o n s h i p s  among a c t i v i t i e s  and  s t a t e s  o f  o t h e r  
p r o f i l e s .  A c o n s t r a i n t  on one o f  t h e  v a r i a b l e s  w i t h i n  t h i s  s t r u c t u r e  
may have  i t s  s o u r c e  i n  s t a t e s  o f  a n o t h e r  v a r i a b l e  or a c t i v i t y ,  which 
i s  s a i d  t o  r e q u i r e  t h e  o b j e c t  c o n s t r a i n t .  Four  t y p e s  o f  r e q u i r e -  
ments  are  o f  p o t e n t i a l  i n t e r e s t :  

1. A c t i v i t y  t o  a c t i v i t y  

2 .  A c t i v i t y  t o  s y s t e m  s t a t e  

3 .  Sys tem s t a t e  t o  a c t i v i t y  

4 .  Sys tem s t a t e  t o  sys t em s t a t e  

T h i s  s t u d y  examines r e q u i r e m e n t s  a s s o c i a t e d  w i t h  a c t i v i t i e s ,  
S y s t e m - s t a t e  t o  s y s t e m - s t a t e  r e l a t i o n s h i p s  among t h e  variables are 
c a t e g o r i z e d  as i n t e r n a l  l o g i c ;  t h e y  a r e  b r i e f l y  d i s c u s s e d  i n  
Appendix B .  S y s t e m - s t a t e  r e q u i r e m e n t s  a s s o c i a t e d  w i t h  an a c t i v i t y  
may a p p l y  a t  i n i t i a t i o n  o f  t he  a c t i v i t y  ( s p a c e c r a f t  i n i t i a l l y  docked  
f o r  Agena ion-wake measurement--Experiment s-26), o v e r  t h e  d u r a t i o n  
o f  t h e  a c t i v i t y  ( 1 6  mm camera on d u r i n g  Agena t h r u s t ) ,  a t  s p e c i f i c  
l o c a t i o n s  i n  o r b i t  ( s p a c e c r a f t  a t t i t u d e  " h e a d s  up" i n  t h e  Sou th  
A t l a n t i c  Anomaly r e g i o n ) ,  o r  some o t h e r  i n t e r v a l  r e l a t i v e  t o  s c h e d u l i n g  
t h e  a c t i v i t y  (Exper imen t  S-4 TEMP-COLD a t  a l l  t i m e s  p r i o r  t o  c o n d u c t i n g  
t h e  e x p e r i m e n t ) .  
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Two c h a r a c t e r i s t i c s  o f  t h e  a n a l y s i s  a r e  p a r t i c u l a r l y  
i n f l u e n t i a l  i n  t h e  r e s u l t s .  F i r s t  , t h e  r e q u i r e m e n t s  a n a l y z e d  are  
t i m e l i n e  c o n d i t i o n s  i m p l i e d  by s c h e d u l i n g  a s i n g l e  a c t i v i t y .  T h i s  
f e a t u r e  p r o v i d e s  an ove rv iew o f  t h e  t y p e s  o f  c o n s t r a i n t  data  t h a t  
c o u l d  be  s t o r e d  and p r o c e s s e d  by a c t i v i t y  i n  an  au tomated  s y s t e m .  
Second ,  r e q u i r e m e n t s  a r e  d e f i n e d  o n l y  w i t h  r e s p e c t  to i n t e r n a l  con- 
s i s t e n c y  o f  t h e  p r o f i l e  d e s c r i p t i o n ,  even  though  o n l y  p a r t i a l l y  
c o m p l e t e d .  Requi rements  for c o m p l e t i n g  t h e  p l a n  would have t o  b e  
l i s t e d  as w e l l ,  i f  n o t  i m p l i e d  by a s c h e d u l e d  a c t i v i t y .  

I V .  ILLUSTRATION OF G E M I N I  FLIGHT PLAN CONSTRAINTS 

I n  Gemini f l i g h t  p l a n n i n g ,  c o n s t r a i n t s  were o f t e n  ex -  
p ressed  t e m p o r a l l y  t o  accoun t  f o r  r e q u i r e d  s y s t e m  m a i n t e n a n c e  or 
i n f o r m a t i o n  f l o w .  A number o f  a c t i v i t y  r e q u i r e m e n t s  i n  Gemini c o u l d  
be s p e c i f i e d  d i r e c t l y  i n  terms o f  t i m e .  I n  t h e  s p a c e c r a f t  s y s -  
tems arec7, for example ,  t h e  f low o f  c o o l a n t  i n  t h e  F n v i r o n m e n t a l  
c o n t r o l  s y s t e m  had  t o  b y p a s s  t h e  r a d i a t o r s  on t h e  a d a p t e r  s e c t i o n  
d u r i n g  l a u n c h  b e c a u s e  o f  aerodynamic  h e a t i n g .  R e s i d u a l  c o o l i n g  
d u r i n g  l a u n c h  was o b t a i n e d  from a p r e - l a u n c h  h e a t  e x c h a n g e r  and 
maximum f low t h r o u g h  an e v a p o r a t o r .  Thermal c o n t r o l  i n  o r b i t  re- 
q u i r e d  a t r a n s i t i o n  t o  normal  f l o w  f o r  b o t h  r a d i a t o r s  and  e v a p o r a t o r .  
R e q u i r i n g  RAD-FLOW and EVAP-NORM a t  n o m i n a l l y  35 m i n u t e s  and 4 0  min- 
u t e s  i n t o  t h e  m i s s i o n ,  r e s p e c t i v e l y ,  p r o v i d e d  f o r  s u f f i c i e n t  c o o l i n g  
o f  t h e  s p a c e  r a d i a t o r s .  

I n  t h e  a r e a  o f  crew r e q u i r e m e n t s ,  a s t r o n a u t  s l e e p  p e r i o d s  
were s c h e d u l e d  n o m i n a l l y  a c c o r d i n g  t o  t h e i r  p r e - m i s s i o n  s l e e p  c y c l e .  
A c o n s t r a i n t  o f  t h i s  k i n d  cou ld  be c o n v e r t e d  i n t o  GET once a l i f t -  
o f f  t i m e  had  been e s t a b l i s h e d .  A more c o n c i s e  s p e c i f i c a t i o n  of  
t h i s  c o n s t r a i n t  c o u l d  be r e a l i z e d  i n  an expanded framework by re-  
q u i r i n g  t h e  a c t i v i t y  "s leep"  whenever  t h e  p r o f i l e  o f  Greenwich Mean 
T i m e  (GMT) was w i t h i n  a p p r o p r i a t e  h o u r s .  The GET c o n s t r a i n t s  on 
s u c c e s s i v e  S l e e p  p e r i o d s  and a r e q u i r e m e n t  t h a t  t h e y  be  s c h e d u l e d ,  
however ,  a r e  e q u i v a l e n t  for f l i g h t  p l a n n i n g .  

Temporal  s t r u c t u r e  among a c t i v i t i e s  can a l s o  be  s p e c i f i e d  
d i r e c t l y  w i t h  r e s p e c t  t o  s i n g l e  a c t i v i t i e s  b y  r e q u i r e m e n t s  o f  t h e  
form t h a t  a s u p p o r t i n g  a c t i v i t y  be  s c h e d u l e d  w i t h i n  a g i v e n  i n t e r v a l  
o f  t i m e  r e l a t i v e  t o  t h e  p r imary  one .  A c o n s t r a i n t  on a c c u r a c y  o f  
t h e  i n e r t i a l  p l a t f o r m  d u r i n g  t h r u s t ,  for example,  was h a n d l e d  by a 
r e q u i r e m e n t  t h a t  a p l a t f o r m  a l i g n m e n t  be comple ted  n o m i n a l l y  w i t h i n  
t e n  m i n u t e s  o f  a maneuver .  The r e l a t i v e - t i m e  c o n s t r a i n t  i s  con- 
s i d e r a b l y  more p r a c t i c a l  f o r  t h e  f l i g h t  p l a n n e r  i n  t h i s  c a s e  t h a n  
p r e d i c t i n g  and t r a c k i n g  p l a t f o r m  d r i f t  as a sys t em s t a t e .  

A r e q u i r e d  f r equency  can  a l s o  be r e a l i z e d  by a s e r i e s  of  
i n d i v i d u a l  a c t i v i t y  r e q u i r e m e n t s  f o r  a r e p e t i t i o n  w i t h i n  a d e s i g n a t e d  
i n t e r v a l .  I n  p r e l i m i n a r y  f l i g h t  p l a n n i n g ,  f u e l - c e l l  p u r g e s  were 
s c h e d u l e d  b y  nomina l  r e l a t i v e - t i m e  c o n s t r a i n t s - - o n e  p u r g e  a p p r o x i m a t e l y  
e v e r y  s i x  h o u r s .  S i n c e  t h e  f o r m a t i o n  o f  d e n d r i t e s  i n  t h e  c e l l s  
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c o r r e l a t e s  w i t h  power drawn, t h e  c o n s t r a i n t  would become a maximum 
number o f  ampere-hours  between p u r g e s  i n  f i n a l  p l a n n i n g .  Frequency  
c o n s t r a i n t s  might  a l s o  c o v e r  i n f o r m a t i o n  r e q u i r e m e n t s  f o r  m i s s i o n  
s u p p o r t ,  s u c h  as a Gemini t a p e  p l a y b a c k  b y  a ground s t a t i o n  once  p e r  
r e v o l u t i o n .  

A l t e r n a t i v e l y ,  t e m p o r a l  c o n s t r a i n t s  on a c t i v i t i e s  a re  
i m p l i e d  by t h e i r  r e l a t i o n s h i p s  t o  o t h e r  p r o f i l e s .  T r a j e c t o r y - r e l a t e d  
p r o f i l e s ,  such  as d a y / n i g h t ,  s t a t i o n  c o v e r a g e ,  and v i s i b i l i t y  o f  
s t a r s  or l andmarks  p r o v i d e  obvious  examples .  V a r i a t i o n s  i n  t h e s e  
p r o f i l e s  a re  d e t e r m i n e d  b y  s o l u t i o n s  o f  t h e  t r a j e c t o r y ,  which i n -  
c l u d e s  a r e q u i r e d  sequence  of t r a n s l a t i o n s  a t  s p e c i f i c  m i s s i o n  
t imes .  Most a c t i v i t i e s  do not  have  any a p p r e c i a b l e  i n f l u e n c e  on 
t h e  t r a j e c t o r y , h o w e v e r .  For them, t h e  impac t  o f  r e q u i r e m e n t s  f o r  
t r a j e c t o r y - r e l a t e d  v a r i a b l e s  i s  to l i m i t  t h e  a c t i v i t y  t o  c e r t a i n  
i n t e r v a l s  o f  m i s s i o n  t i m e .  P lanned  l a n d i n g  area (PLA)  u p d a t e s  and 
Go/No-Go p r o c e d u r e s  were a c t u a l l y  s c h e d u l e d  b y  r e q u i r i n g  a s p e c i f i c  
s t a t i o n  pass and  r e v o l u t i o n  number, r e q u e s t e d  b y  t h e  r e t r o f i r e  
o f f i c e r .  

Exper iment  D - 1 4 ,  UHF-VHF P o l a r i z a t i o n ,  was h i g h l y  con- 
s t r a i n e d  i n  t i m e  by  a r e q u i r e m e n t  f o r  s p e c i f i c  s t a t i o n s .  H a w a i i  
and  A n t i g u a  were t h e  o n l y  s t a t i o n s  e q u i p p e d  w i t h  s p e c i a l  r e c e i v e r s  
n e e d e d  f o r  t h e  e x p e r i m e n t .  The number and d i s t r i b u t i o n  o f  h igh -  
e l e v a t i o n  p a s s e s  a v a i l a b l e  w h i l e  t h e  a s t r o n a u t s  are awake i s  a f f e c t e d  
by a d d i t i o n a l  v a r i a b l e s ,  such  as s t a t i o n  l a t i t u d e s  and t h e  l i f t - o f f  
t i m e  o f  d a y .  These  i n t e r m e d i a t e  v a r i a b l e s  are a c c o u n t e d  for i n  
t r a j e c t o r y  p l a n n i n g .  O the r  t r a j e c t o r y - r e l a t e d  f a c t o r s  t h a t  i n f l u e n c e d  
t h e  s c h e d u l i n g  o f  Gemini e x p e r i m e n t s  i n c l u d e d  f l i g h t  p a t h  r e l a t i v e  
t o  t h e  E a r t h ' s  m a g n e t i c  f i e l d  l i n e s ,  c o n d i t i o n s  o f  t h e  i o n o s p h e r e ,  
and t h e  r a d i a t i o n  envi ronment  o f  t h e  s p a c e c r a f t .  

S e q u e n t i a l  r e q u i r e m e n t s  among a c t i v i t i e s  may b e  i m p l i e d  b y  
an  a c t i v i t y  r e q u i r e m e n t  f o r  a p a r t i c u l a r  s y s t e m - s t a t e ,  i f  t h e  s t a t e s  
o f  t h e  r e q u i r e d  p r o f i l e  are c o n t r o l l e d  o n l y  by a n o t h e r  a c t i v i t y .  A 
bending-mode t e s t  had t o  b e  done i n  a docked c o n f i g u r a t i o n ,  f o r  exam- 
p l e .  A r e q u i r e m e n t  for t h e  s p a c e c r a f t  t o  b e  i n  a docked s t a t e  has 
t h e  e f f e c t  o f  r e q u i r i n g  a p r e v i o u s  a c t i v i t y  "docking"  w i t h  no i n t e r -  
v e n i n g  undock ing .  S i m i l a r  c o n s t r a i n t s  a p p l y  t o  t h e  d a t a - g a t h e r i n g  
modes o f  Exper imen t  D - 1 0 ,  I o n  S e n s i n g  A t t i t u d e  C o n t r o l ,  which r e q u i r e d  
s p e c i a l  i o n  s e n s o r s  i n  an  e x t e n d e d  p o s i t i o n .  S e n s o r  deployment  and 
equipment  a c t i v a t i o n  was accompl i shed  by Mode A o f  t h e  e x p e r i m e n t ,  
which  had t o  b e  done f i r s t .  Another  mode c o l l e c t e d  d a t a  d u r i n g  
t h r u s t e r  f i r i n g s ,  which ended i n  s e v e r e  d e g r a d a t i o n  or d e s t r u c t i o n  
o f  t h e  s e n s o r s ,  and  t h i s  mode had t o  b e  done l a s t .  A v a r i a b l e  g i v i n g  
t h e  t h r e e  s t a t e s  o f  t h e  s e n s o r s  and r e q u i r e m e n t s  t h a t  d a t a - c o l l e c t i o n  
modes b e  i n i t i a t e d  w i t h  t h e  s e n s o r s  i n  t h e  dep loyed  b u t  a c t i v e  s t a t e  
would i n s u r e  t h e  r e q u i r e d  sequence .  

Because  t h e  t r a n s i t i o n s  o f  t h e  s e n s o r s  for Exper imen t  D - 1 0  
are  i r r e v e r s i b l e ,  t h e  r equ i r emen t  f o r  Mode A t o  be done f i r s t  c o u l d  
a l s o  be w r i t t e n  t e m p o r a l l y  w i t h o u t  t r a c k i n g  a s t a t e  v a r i a b l e  f o r  t h e  
s e n s o r s .  A s t a t e  v a r i a b l e  would be  needed ,  on t h e  o t h e r  hand ,  t o  
w r i t e  a c t i v i t y  r e q u i r e m e n t s  t h a t  would a c h e i v e  t h e  p r o p e r  s e q u e n c e  
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f o r  t h e  l a s t  mode o f  t h e  expe r imen t  w i t h i n  t h e  framework o f  t h i s  
a n a l y s i s .  Again t h e  t r a n s i t i o n  i s  an i r r e v e r s i b l e  o n e ,  b u t  t h e  
f i n a l  mode of t h e  expe r imen t  i s  n o t  a r e q u i r e m e n t  f o r  o t h e r  modes. 
Ano the r  c o n s t r a i n t  of t h i s  t y p e  r e s u l t e d  from j e t t i s o n i n g  t h e  
d o c k i n g  b a r  t o  re lease  t h e  t e t h e r  a t  t h e  c o n c l u s i o n  o f  t e t h e r e d  
s t a t i o n - k e e p i n g .  A l l  a c t i v i t i e s  r e q u i r i n g  dock ing  or a docked 
c o n f i g u r a t i o n  had t o  be done p r i o r  t o  t e t h e r  dep loymen t ,  s i n c e  
d o c k i n g  c o u l d  n o t  be done w i t h  t h e  t e t h e r  i n  t h e  way. An a d d i t i o n a l  
r e q u i r e m e n t  for t h e  t e t h e r  t o  be  s towed would have  t o  b e  a s s o c i a t e d  
w i t h  e a c h  of t hese  a c t i v i t i e s  t o  o b t a i n  t h e  d e s i r e d  l o g i c .  

When an a c t i v i t y  does c o n t r o l  s y s t e m  s t a t e s ,  r e l a t i o n s h i p s  
t o  o t h e r  a c t i v i t i e s  d e r i v e  from t h e  c o n d i t i o n  t h a t  r e q u i r e d  s t a t e s  
must b e  a v a i l a b l e  a t  t h e  i n d i c a t e d  t imes .  S p a c e c r a f t  a t t i t u d e  re- 
q u i r e m e n t s  i l l u s t r a t e  some a l t e r n a t i v e  c a s e s .  Expe r imen t  s-9, 
N u c l e a r  Emuls ion ,  r e q u i r e d  a BEF ( b l u n t - e n d - f o r w a r d )  o r i e n t a t i o n  
w h i l e  i n  t h e  S o u t h  A t l a n t i c  Anomaly r e g i o n ,  and p i t c h  and roll were 
c o n s t r a i n e d  t o  be  z e r o  +15 d e g r e e s .  I f  des i r ed ,  an a l i g n m e n t  mode 
o f  t h e  p l a t f o r m  (BEF) c o u l d  have been s c h e d u l e d  s i m u l t a n e o u s l y  be- 
c a u s e  t h e  (Oo,Oo,Oo) o r i e n t a t i o n  r e q u i r e d  f o r  i t  would be one o f  
t h e  a l l o w a b l e  o r i e n t a t i o n s  f o r  S - 9 .  A r e q u i r e m e n t  to t r a c k  a 
c e l e s t i a l  or e a r t h  r e f e r e n c e ,  on t h e  o t h e r  hand ,  r e q u i r e s  a t t i t u d e  
c o o r d i n a t e s  to v a r y  o v e r  t h e  d u r a t i o n  o f  t h e  a c t i v i t y  i n  a p r e s c r i b e d  
manner .  Every  v a l u e  o f  a t t i t u d e  r e q u i r e d  a l o n g  t h i s  p r o f i l e  would 
have  t o  b e  a c c e p t a b l e  t o  s c h e d u l e  a n o t h e r  a c t i v i t y  s i m u l t a n e o u s l y .  

I n  a d i f f e r e n t  c a t e g o r y  o f  v a r i a b l e ,  r e q u i r e m e n t s  f o r  
s t a t e s  o f  a subsys t em or f o r  use  of  a power o u t l e t  f o r  a u x i l i a r y  
equipment  cannot  c o n f l i c t  a t  any one t i m e .  S u f f i c i e n t  t i m e  must 
a l s o  be a l l o w e d  f o r  t r a n s i t i o n s  of  t h e  s t a t e s  where a p p l i c a b l e .  
W i t h i n  a s i n g l e  b l o c k  o f  p r o c e d u r e ,  p o t e n t i a l  c o n f l i c t s  o f  t h i s  
t y p e  s h o u l d  be  worked o u t ,  b u t  t h e y  a p p l y  t o  f l i g h t  p l a n n i n g  where 
t h e s e  p r o c e d u r e s  may o v e r l a p  i n  t h e  t i m e l i n e .  F o r  l a rge r  s p a c e -  
c r a f t  w i t h  more crew members , c o o r d i n a t i n g  m u l t i p l e  p r o c e d u r e s  a t  
one t i m e  i s  e x p e c t e d  t o  become more p rominen t  i n  f l i g h t  p l a n n i n g  
t h a n  i t  was i n  Gemini.  

V. C O N C L U D I N G  REMARKS 

To summarize p r o f i l e  c o n s t r a i n t s ,  n e c e s s a r y  c o n d i t i o n s  
t h a t  must be  r e a l i z e d  are as f o l l o w s :  

1. For e a c h  m i s s i o n  t i m e ,  a l l  s y s t e m  s t a t e s  r e q u i r e d  a t  t h a t  
t i m e  b y  s c h e d u l e d  a c t i v i t i e s  are p r e s e n t  or a v a i l a b l e .  

2 .  For e a c h  m i s s i o n  t ime,  combina t ions  o f  s t a t e s  r e q u i r e d  
and c r e a t e d  by a l l  a c t i v i t i e s  a r e  i n t e r n a l l y  c o n s i s t e n t .  

3. Temporal v a r i a t i o n s  i n  t h e  system-state p r o f i l e s  are  
c o n s i s t e n t  w i t h  c o n s t r a i n t s  on t h e  p r o f i l e s ,  i n c l u d i n g  
any n e c e s s a r y  t r a n s i t i o n a l  a c t i v i t i e s .  



BELLCOMM,  INC. - 9 -  

4 .  R e q u i r e d  sequence ,  r e l a t i v e  t i m e ,  and  t imes o f  
a c t i v i t i e s  a r e  w i t h i n  a l l o w a b l e  l i m i t s .  

5 .  Summable q u a n t i t i e s  a l l o w a b l e  o v e r  t h e  m i s s i o n  or 
p o r t i o n s  o f  t h e  mis s ion  have  n o t  been  e x c e e d e d .  

6 .  A l l  a c t i v i t i e s  t h a t  r e q u i r e  s c h e d u l i n g  i n  t h e  
f l i g h t  p l a n  t o  s u p p o r t  m i s s i o n  o b j e c t i v e s ,  r e a l -  
t i m e  m i s s i o n  s u p p o r t ,  and  c o n t i n g e n c y  r e q u i r e m e n t s  
have  been  s c h e d u l e d .  

Accoun t ing  f o r  a l l  a c t i v i t i e s  r e q u i r e d  t o  comple te  a 
f l i g h t  p l a n  i s  n o t  d i r e c t l y  i n c o r p o r a t e d  i n  t h e  l o g i c  of t h e  
scheme d e s c r i b e d  i n  t h i s  memorandum. Only r e q u i r e m e n t s  f o r  
s u p p o r t i n g  a c t i v i t i e s  or f r e q u e n c y  r e q u i r e m e n t s  can be  m a n i p u l a t e d  
a l o n g  w i t h  a s i n g l e  a c t i v i t y .  To comple t e  t h i s  l o g i c ,  i t  i s  
e s s e n t i a l  t o  keep t r a c k  o f  o t h e r  r e q u i r e d  a c t i v i t i e s  t h a t  are n o t  
s c h e d u l e d .  I n f o r m a t i o n  c o n c e r n i n g  t h e  t o t a l  number o f  t r i a l s  o f  
an e x p e r i m e n t  or t o t a l  exposure  t i m e  f o r  a m i c r o m e t e o r i t e  c o l l e c t o r ,  
f o r  example ,  f a l l s  i n  t h i s  c a t e g o r y .  

Wi th in  a framework o f  r e q u i r e m e n t s  a s s o c i a t e d  w i t h  
i n d i v i d u a l  a c t i v i t i e s ,  i t  was found  t h a t  t h e  ma jo r  t y p e s  o f  tem- 
p o r a l  s t r u c t u r e  among them can b e  a c c o u n t e d  f o r  by s t a t e  v a r i a b l e s .  
Advantages  o f  s t r u c t u r i n g  c o n s t r a i n t  da ta  i n  t h i s  manner i n c l u d e  
t h e  a b i l i t y  t o  m a n i p u l a t e  c o n s t r a i n t s  a l o n g  w i t h  i n d i v i d u a l  
a c t i v i t i e s .  T i m e l i n e  c o n s t r a i n t s  a s s o c i a t e d  w i t h  t h e  t r a j e c t o r y  
or o t h e r  s o u r c e s  can a l s o  be  d e f i n e d  i n  comparable  terms. The 
p r o f i l e  r e p  r e  s e n t  a t  i o n  o f  f l i g h t  -p l a n  c o n s t r a i n t s  o f f e r s  f l e  x i -  
b i l i t y  i n  b o t h  t h e  b u i l d i n g  up of  c o n s t r a i n t s  and i n  t h e  manner i n  
which  a c t i v i t i e s  a r e  s c h e d u l e d .  

I n  a d d i t i o n  t o  p r o v i d i n g  c o n s t r a i n t  i n f o r m a t i o n ,  many 
o f  t h e  v a r i a b l e s  i n v o l v e d  i n  t r a c k i n g  Gemini c o n s t r a i n t s  were a l s o  
o f  i n t e r e s t  i n  f l i g h t - p l a n  o p t i m i z a t i o n .  D e c i s i o n s  as t o  when t h e  
s p a c e c r a f t  s h o u l d  be docked t o  t h e  Agena i s  one example .  The p r o -  
f i l e  was i n f l u e n c e d  b y  many a c t i v i t y  r e q u i r e m e n t s ,  b u t  a m a j o r  
p a r a m e t e r  i n  c o n s t r u c t i n g  i t  was s p a c e c r a f t  p r o p e l l a n t .  While 
docked ,  s p a c e c r a f t  a t t i t u d e  s t a b i l i z a t i o n  or t h e  c a p a b i l i t y  t o  
a l t e r  c a r d i n a l  h e a d i n g s  could  be c o n t r o l l e d  b y  t h e  Agena. When 
c o n t r o l  f rom t h e  s p a c e c r a f t  was needed ,  however,  i t  r e q u i r e d  
a d d i t i o n a l  p r o p e l l a n t  i n  a docked c o n f i g u r a t i o n .  I n  f o r m u l a t i n g  a 
s t r a t e g y ,  t h e  f l i g h t  p l a n n e r  would have  t o  weigh t h e s e  c o n s i d e r a -  
t i o n s  a g a i n s t  t h e  c o s t  o f  docking ,  undocking ,  and s t a t i o n  k e e p i n g ,  
as well as a g a i n s t  o t h e r  a c t i v i t y  r e q u i r e m e n t s .  

A s  i n d i c a t e d  b y  Gemini f l i g h t  p l a n s ,  p r e c i s e  c o r r e l a t i o n  
be tween p r o c e d u r e s  a n d  t i m e  i s  n o t  needed  t o  s c h e d u l e  many a c t i v i t i e s .  
A l t e r n a t i v e  means of s c h e d u l i n g  i n c l u d e  t h e  f o l l o w i n g :  a s s ignmen t  
of a p a r t i c u l a r  GET, d e s i g n a t i o n  o f  an i n t e r v a l  o f  GMT or s i d e r e a l  
t i m e  on a s p e c i f i e d  d a y ,  p lacement  r e l a t i v e  t o  an e v e n t  t i m e  s u c h  
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as TR f o r  r e t r o f i r e ,  s p e c i f i c a t i o n  o f  a p a r t i c u l a r  n i g h t  p a s s  o r  
s t a t i o n  pass ,  or s i m p l y  d e f i n i t i o n  o f  p o s i t i o n  i n  a s e q u e n c e .  
It  would be  a d v a n t a g e o u s  t o  s e l e c t  t h e  a p p r o p r i a t e  means o f  t y i n g  
a c t i v i t i e s  t o  t h e  da ta  s t r u c t u r e  f o r  t h e  p u r p o s e  o f  m o n i t o r i n g  
c h a n g e s  i n  t h e  f l i g h t  p l a n  i n  r e a l  t i m e .  

F i n a l l y ,  t h e  f a c t  t h a t  t h e  s y s t e m - s t a t e  v a r i a b l e s  ace 
n o t  i n d e p e n d e n t  i n t r o d u c e s  undue c o m p l e x i t y  i n t o  t h e  l o g i c  i f  t o o  
many d e p e n d e n t  v a r i a b l e s  become i n v o l v e d  i n  r e p r e s e n t i n g  t h e  t e m -  
p o r a l  s t r u c t u r e .  A p p l i c a b l e  r e q u i r e m e n t s  f o r  a l l  v a r i a b l e s  must  
be  w r i t t e n  f o r  e a c h  a c t i v i t y ,  even  though  a c o n s t r a i n t  on one of 
them, s u c h  as GET, i s  s u f f i c i e n t  t o  s c h e d u l e  t h e  a c t i v i t y .  The 
u t i l i t y  o f  e x t e n d i n g  t h e  scheme t o  c o n s t r a i n  t e m p o r a l  r e l a t i o n s  
among some a c t i v i t i e s  d i r e c t l y  s h o u l d  a l s o  b e  e v a l u a t e d  as a means 
o f  r e d u c i n g  t h e  number o f  s t a t e  v a r i a b l e s .  

1 0 2  l -BHC-dcs  B. H .  Crane 



APPENDIX A 

O r g a n i z a t i o n  o f  A c t i v i t y  Data for F l i g h t  P l a n n i n g  

Segments  o f  m i s s i o n  p r o c e d u r e ,  c a l l e d  a c t i v i t i e s  .r pro- 
v i d e d  t h e  bas i s  f o r  a n a l y z i n g  r e q u i r e m e n t s  a n d  c o n s t r a i n t s  i n  t h i s  
s t u d y .  S e l e c t i o n  o f  a p p r o p r i a t e  u n i t  a c t i v i t i e s  f o r  s c h e d u l i n g  i n  
t h e  f l i g h t  p l a n  i s  d i s c u s s e d  i n  t h i s  a p p e n d i x .  I n  an  au tomated  
s y s t e m ,  f l i g h t  p l a n n i n g  d a t a  would be a t  l e a s t  p a r t i a l l y  s t r u c t u r e d  
b y  t h e  manner i n  which a c t i v i t i e s  a r e  d e f i n e d .  The c a t e g o r i z a t i o n  
and  s e l e c t i o n  o f  a c t i v i t i e s  i l l u s t r a t e d  f o r  Gemini ,  however ,  i s  n o t  
i n t e n d e d  t o  s u g g e s t  a f i n a l  s t r u c t u r i n g  o f  a c t i v i t y  l i s t s  f o r  
a c c e s s i n g  i n  s u c h  a s y s t e m .  

T a b l e  A - 1  i n d i c a t e s  many o f  t h e  a c t i v i t i e s  t h a t  were  
i d e n t i f i e d  from summary f l i g h t  p l a n s  f o r  GT-8 t h r o u g h  GT-12,  s u p p l e -  
mented b y  a s t u d y  o f  d e t a i l e d  f l i g h t  p l a n s  and  p r o c e d u r e s .  The 
t a b l e  i s  c a t e g o r i z e d  by t y p e s  o f  o p e r a t i o n s  s u c h  as n o m i n a l ,  r en -  
dezvous ,  EVA, or e x p e r i m e n t s .  Numbered e n t r i e s  (1, 2 ,  . . . ) i n  e a c h  
c a t e g o r y  i d e n t i f y  s p e c i f i c  a c t i v i t i e s ,  and l e t t e r e d  e n t r i e s  u n d e r  
them ( a ,  b y  . . . ) r e p r e s e n t  d i f f e r e n t  modes or s u b - u n i t s  o f  t h e  
a c t i v i t y .  S e l e c t i o n  o f  t h e s e  modes or s u b - u n i t s  i s  b a s e d  upon t h e  
manner i n  which t h e y  were f l i g h t - p l a n n e d  i n  t h e  p a r t i c u l a r  m i s s i o n s  
a n a l y z e d .  

U s e f u l  c h a r a c t e r i s t i c s  o f  a c t i v i t i e s  d e f i n e d  f o r  f l i g h t  
p l a n n i n g  are i d e n t i f i e d  as f o l l o w s :  

1. R e f e r e n c e  t o  a b a s i c  s y s t e m  o p e r a t i n g  p r o c e d u r e  

2 .  P r o v i s i o n  f o r  s c h e d u l i n g  or r e s c h e d u l i n g  an a c t i v i t y  
s e p a r a t e l y  as a u n i t  

3. Convenience i n  s p e c i f y i n g  r e q u i r e m e n t s  a s s o c i a t e d  
w i t h  t h e  a c t i v i t y  

4. Comple t ion  o f  a d e f i n e d  m i s s i o n  pay-o f f ,  and  

5 .  I n d i c a t i o n  o f  an i m p o r t a n t  s t a t e  t r a n s i t i o n  f o r  
e n t r y  i n  t h e  summary f l i g h t  p l a n .  

These  c h a r a c t e r i s t i c s  o v e r l a p  i n  many c a s e s .  A dock ing  or undock ing ,  
f o r  example,  c o u l d  be i d e n t i f i e d  as an a c t i v i t y  b y  a l l  f i v e .  I t  i s  
a b a s i c  s y s t e m  o p e r a t i n g  p r o c e d u r e ,  i s  s c h e d u l e d  s e p a r a t e l y  as a 
u n i t ,  h a s  a u n i q u e  s e t  o f  a c t i v i t y  r e q u i r e m e n t s ,  and i n  t h e  c a s e  o f  
a d o c k i n g  p r a c t i c e ,  comple t e s  a m i s s i o n  o b j e c t i v e .  I n  c a s e s  where 
a d o c k i n g  or undocking  was i n c l u d e d  as a p a r t  o f  a l a r g e r  p r o c e d u r e ,  
i t  w a s  s t i l l  f l i g h t  p l a n n e d  s e p a r a t e l y ,  as i n  t h e  undocking  a t  
i n i t i a t i o n  o f  Exper imen t  s-26, I o n  Wake Measurement.  The f o l l o w i n g  
examples  b r i e f l y  i l l u s t r a t e  some a d d i t i o n a l  f a c t o r s  t h a t  were n o t e d  
i n  a t t e m p t i n g  t o  l i s t  t h e  u n i t  a c t i v i t i e s  f o r  f l i g h t  p l a n n i n g .  

For economy o f  d a t a  s p e c i f i c a t i o n ,  i t  i s  d e s i r a b l e  t o  
i d e n t i f y  a b a s i c  p r o c e d u r e  as  a s e p a r a t e  a c t i v i t y  i f  i s  i s  i n c l u d e d  
s e v e r a l  t imes i n  o t h e r  a c t i v i t y  d e f i n i t i o n s .  An OAMS t h r u s t ,  f o r  
example ,  h a s  a s t a n d a r d  group o f  r e q u i r e m e n t s  a s s o c i a t e d  w i t h  i t  
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and  s h o u l d  have  t o  be  l i s t e d  o n l y  once f o r  s p e c i f i c a t i o n  o f  t h e s e  
r e q u i r e m e n t s .  The s t a n d a r d  r e q u i r e m e n t s  f o r  an a l i g n m e n t  o f  t h e  
i n e r t i a l  p l a t f o r m  o r  an update  f rom t h e  ground p r i o r  t o  t h e  maneuver  
c o u l d  a l s o  b e  a s s o c i a t e d  w i t h  t h e  s t a n d a r d  p r o c e d u r e .  The sup-  
p o r t i n g  u p d a t e  or p l a t f o r m  a l ignmen t  i s  i d e n t i f i e d  as a s e p a r a t e  
a c t i v i t y  to be  s c h e d u l e d ,  however.  S p e c i f i c  maneuvers ,  which have  
separa te  r e q u i r e m e n t s  f o r  p r o p e l l a n t  and  m i s s i o n  t i m e ,  a re  l i s t e d  
u n d e r  r endezvous  or o p e r a t i o n a l  o b j e c t i v e s .  R e f e r e n c e  t o  r e q u i r e -  
men t s  f o r  t h e  s t a n d a r d  p r o c e d u r e  would a lways  be i n c l u d e d  u n d e r  
e a c h  s p e c i f i c  maneuver.  S p e c i a l  r e q u i r e m e n t s  t h a t  on-board n a v i -  
g a t i o n  a c t i v i t i e s  b e  done b e f o r e  some o f  t h e  GT-10 r endezvous  
maneuvers  would a l s o  be a s s o c i a t e d  w i t h  t h e  p a r t i c u l a r  maneuvers .  

I n  a d d i t i o n  t o  the  s u p p o r t i n g  a c t i v i t i e s  f o r  maneuvers ,  
a number of o t h e r  s y s t e m - s t a t e  t r a n s i t i o n s  must b e  d e f i n e d  as s e p a r a t e  
a c t i v i t i e s  t o  be  s c h e d u l e d  where needed  i n  c o m p l e t i n g  t h e  f l i g h t  p l a n .  
Examples  are  e s t a b l i s h i n g  a new a t t i t u d e ,  power ing  up t h e  s p a c e c r a f t ,  
or s w i t c h i n g  t h e  r a t e  g y r o s  t o  "on."  The l i s t  o f  s u c h  t r a n s i t i o n s  
f o r  b o t h  s p a c e c r a f t  and Agena i s  i n c o m p l e t e  b u t  r e p r e s e n t a t i v e .  
Sometimes p r o c e d u r a l  items such as t h r o w i n g  one o r  two s w i t c h e s  f a l l  
i n t o  t h e  c a t e g o r y  o f  s e p a r a t e  t r a n s i t i o n a l  a c t i v i t i e s  b e c a u s e  o f  t h e  
manner  i n  which t h e y  are s c h e d u l e d .  Normally s w i t c h i n g  t h e  mode o f  
C-band b e a c o n s  on t h e  r e e n t r y  and  a d a p t e r  s e c t i o n s  o f  t h e  s p a c e c r a f t  
( g r o u n d  command o r  c o n t i n u o u s )  was accompl i shed  by s t a n d a r d  check-  
l i s t s  s u c h  as t h e  pos t - r endezvous  c h e c k l i s t  or a r e e n t r y  c h e c k l i s t .  
A separa te  a c t i v i t y  had t o  be i d e n t i f i e d  and s c h e d u l e d ,  however ,  t o  
s w i t c h  C-Rnty - CMD and C-Adapt - C O N T  t o  t r a n s i t i o n  from l a u n c h  t o  
r e n d e z v o u s  c o n f i g u r a t i o n s .  

For u t i l i t y  of t h e  f l i g h t  p l a n ,  i t  i s  n e c e s s a r y  t o  l i s t  
some o p e r a t i o n s  t h a t  a re  n o t  s c h e d u l e d  s e p a r a t e l y  b u t  are p a r t  o f  
a l a r g e r  a c t i v i t y .  I n  an  au tomated  s y s t e m  t h e y  c o u l d  be  i d e n t i f i e d  
as comments t o  be  p r i n t e d  o u t  whenever  t h e  p r i m a r y  p r o c e d u r e  i s  
s c h e d u l e d .  S t a r t i n g  and s t o p p i n g  o f  t h e  Agena r e c o r d e r  o r  t h e  1 6  mm 
camera  s u r r o u n d i n g  a dock ing  maneuver o r  a docked Agena t r a n s l a t i o n  
c o u l d  b e  i n c o r p o r a t e d  i n  t h i s  manner.  S e v e r a l  a d d i t i o n a l  examples  
o c c u r  i n  t h e  c l o s e d - l o o p  rendezvous  sequence  i n  t h e  r endezvous  p r o -  
c e d u r e .  Closed- loop  rendezvous  was i n i t i a t e d  b y  d e p r e s s i n g  t h e  
computer  s t a r t  k e y .  T h i s  e v e n t  i s  e n t e r e d  i n  t h e  summary f l i g h t  p l a n  
p r i m a r i l y  b e c a u s e  i t  r e p r e s e n t s  a key t r a n s i t i o n  o f  s t a t e .  Timing 
o f  t h i s  e v e n t  i s  d e t e r m i n e d  i n  r e a l  t i m e  by an e s t a b l i s h e d  p r o c e d u r e  
f o r  crew m o n i t o r i n g  o f  da ta  p o i n t s  g e n e r a t e d  i n  t h e  r endezvous  com- 
p u t e r  mode. Timing f o r  t h e  nominal  c a s e  d e r i v e s  f rom t h e  r e f e r e n c e  
t r a j e c t o r y .  The t r a n s i t i o n  i s  f l i g h t  p l a n n e d  i n  t h e  s e n s e  t h a t  i t  i s  
c a l l e d  o u t  as a p a r t  o f  t h e  nominal  p r o c e d u r e .  

I n  a number o f  c a s e s ,  an a c t i v i t y  t h a t  i s  r e q u i r e d  b y  a 
m i s s i o n  o b j e c t i v e  i s  s c h e d u l e d  i n  t h e  f l i g h t  p l a n  o n l y  as a p a r t  o f  
a n o t h e r  p r o c e d u r e .  Experiment  D-12  A s t r o n a u t  Maneuvering Un i t  was 
i n c l u d e d  i n  t h e  GT-9A f l i g h t  p l a n  e n t i r e l y  w i t h i n  t h e  EVA p r o c e d u r e .  
The MSC-3 e x p e r i m e n t  on GT-10 was comple t ed  s i m p l y  by s c h e d u l i n g  t h e  
i n s e r t i o n  and  p r e - r e t r o  c h e c k l i s t s .  I n  e a c h  c a s e  t h e  e x p e r i m e n t  d i d  
n o t  a p p e a r  as a s e p a r a t e  a c t i v i t y  i n  t h e  summary f l i g h t  p l a n .  
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Some o p e r a t i o n s  i n  Gemini were n o t  i n c l u d e d  i n  t h e  
f l i g h t  p l a n  b u t  were s c h e d u l e d  i n  r e a l  t i m e  d u r i n g  t h e  m i s s i o n .  
A VOX a d j u s t ,  f o r  example ,  was n o r m a l l y  n o t  f l i g h t  p l a n n e d  i n  
t h e  l a t t e r  m i s s i o n s ,  and t h e  r e p o r t i n g  o f  comple ted  c h e c k l i s t s  t o  
t h e  g round  was a l s o  n o t  s p e c i f i c a l l y  s c h e d u l e d .  S t a t i o n  passes 
o v e r  which  s t a n d a r d  v o i c e  p r o c e d u r e s  were o b s e r v e d  were o n l y  
s c h e d u l e d  i m p l i c i t l y  on t h e  bas i s  t h a t  t h e y  n o t  i n t e r f e r e  w i t h  
o t h e r  a c t i v i t i e s .  S p e c i f i c  modes o f  o t h e r  a c t i v i t i e s  were n o t  
s p e c i f i e d  i n  t h e  f i i g h t  p l a n ,  even  though  t h e  a c t i v i t y  was s c h e d u l e d .  
Real-time p l a n n i n g  i n c l u d e d  s p e c i f i c  l a n d - a r e a s  or weather phenomena 
t o  be  p h o t o g r a p h e d  u n d e r  e x p e r i m e n t s .  Data c o l l e c t i o n  modes f o r  
some e x p e r i m e n t s  d i d  n o t  a f f e c t  t h e  s c h e d u l i n g  o f  t h e  e x p e r i m e n t  
and  were n o t  s p e c i f i c a l l y  f l i g h t  p l a n n e d .  The v a r i o u s  modes o f  
o p e r a t i n g  t h e  p h o t o m e t e r  f o r  Exper iment  D - 5 ,  S t a r  O c c u l t a t i o n  
N a v i g a t i o n ,  a r e  examples .  A c t i v i t i e s  or modes o f  a c t i v i t i e s  
t h a t  were n o t  s p e c i f i c a l l y  f l i g h t  p l a n n e d  are  n o t  i n c l u d e d  i n  t h e  
t y p i c a l  a c t i v i t y  d e f i n i t i o n s  i n  T a b l e  A - 1 .  

S p e c i f i c  c h o i c e s  of a c t i v i t i e s  f o r  f l i g h t  p l a n n i n g  are 
e x p e c t e d  t o  v a r y  among d i f f e r e n t  t y p e s  o f  m i s s i o n s  and even among 
p a r t i c u l a r  m i s s i o n s  o f  t h e  same g e n e r a l  t y p e .  A p p r o p r i a t e  d e f i n i -  
t i o n s  are i n f l u e n c e d  by t h e  m i s s i o n  o b j e c t i v e s ,  c h a r a c t e r i s t i c s  
o f  t h e  m i s s i o n  p l a n ,  how p r o c e d u r e s  are w r i t t e n ,  and t r a n s i t i o n a l  
r e q u i r e m e n t s  o f  t h e  s y s t e m s .  Even t h e  f l i g h t  p l a n  can  i n t r o d u c e  
r e q u i r e m e n t s  f o r  a d d i t i o n a l  p a r t i t i o n i n g ,  as i n  t h e  c a s e  o f  de- 
f i n i n g  a p r e l i m i n a r y  EVA p r e p a r a t i o n  i n  GT-10, o c c a s i o n e d  b y  an  
i n t e r v e n i n g  dua l - r endezvous  maneuver.  
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Gemini A c t i v i t i e s  I l l u s t r a t e d  from GT-8 t o  GT-12 

I .  L A U N C H  AND REENTRY 

A .  L i f t - o f f  t o  I n s e r t i o n  

1. Launch Sequence t h r o u g h  I V A R  
2 .  I n s e r t i o n  C h e c k l i s t  

B .  R e t r o f i r e  P r e p a r a t i o n  t o  P o s t  Landing 

1. Load R e e n t r y  Module Tape 
2 .  Reen t ry  S e l f  Mode Check 
3. Reen t ry  Updates 
4. P r e r e t r o  C h e c k l i s t  
5 .  Back-up Reent ry  Updates  
6 .  Reen t ry  Sequence f rom TR-22 min.  t o  S/C E g r e s s  

11. BASIC ORBITAL PROCEDURES 

A .  M i s s i o n  S u p p o r t  and  Communications 

1. 
2 .  
3. 
4. 
5. 
6. 
7. 
8 .  
9 .  
10. 
11. 
12. 

Nominal S t a t i o n  P a s s  

Gemini Tape Playback  
Agena Tape Playback  
F l i g h t  Plan Report  
F l i g h t  P l a n  Update 
Go/No Go for (Rev-PLA) 
1 - 4  Reen t ry  Update 
PLA Update 
Update for OAMS T r a n s l a t i o n  
Update f o r  Agena T r a n s l a t i o n  (Docked) 
VM Load f o r  Agena T r a n s l a t i o n  

C-ADAPT - CONT, C-RNTY - CMD 

13. 
1 4 .  C r e w  S t a t u s  Repor t  
1 5 .  D i g i t a l  Clock Update 
1 6 .  A c c e l e r o m e t e r  Bias Update 
1 7 .  Go on RAD. 

VM Check for Agena T r a n s l a t i o n  

5. Crex P e r s o n a l  A c t i v i t i e s  

1. E a t  P e r i o d  
2 .  S l e e p  P e r i o d  

C .  Sys tem Checks and Maintenance 

1. F u e l  C e l l  Purge 
2 .  Cryogenic  Q u a n t i t y  Readout 

4 .  A c c e l e r o m e t e r  Bias Check 
5 .  Communications Check 
6 .  S c a n n e r  Check 
7 .  VOX A d j u s t  

3.  RAD - FLOW, EVAP - NORM 
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D .  S p a c e c r a f t  O p e r a t i o n  and System T r a n s i t i o n s  

1. 
2. 
3 .  
4. 
5. 
6. 
7. 
8.  
9. 
10. 
11. 
12. 

Power up S p a c e c r a f t  
Power Down S p a c e c r a f t  
P l a t f o r m  Alignment 
OAMS T h r u s t  

Loa<. Module (-) 
S e t  Even t  Timer 
A t t i t u d e  C o n t r o l  - (-) 
P l a t f o r m  - ( ) 
Computer - (1) 
Rate Gyros - (-) 
RCS H e a t e r s  - (-) 

C o n t r o l  S/C A t t i t u d e  to (-', -" 3 -  " >  

E .  Agena O p e r a t i o n  and Sys tem T r a n s i t i o n s  

1. F l i g h t  C o n t r o l  Mode - (-) 
2 .  SPC Load/Disable  
3.  Gyrocompass t o  ( C a r d i n a l  Heading)  
4. PPS/SPS T h r u s t  
5 .  L-Band  Sys tem - (-) 
6 .  Approach L i g h t s  - (-) 

111. RENDEZVOUS 

A .  Maneuvers 

1. 
2. 
3 .  
4. 
5 .  
6. 
7. 
8. 
9. 
10. 
11. 
12. 

Heigh t  Ad jus t  
Phase Ad jus t  
P l a n e  A d j u s t  
C o r r e c t i v e  Combination 
C i r c u l a r i z a t i o n  
C i r c u l a r i z a t i o n  A d j u s t  
T P I  
F i r s t  Midcourse 
Second Midcourse 
V e l o c i t y  Match 
Ren de z vous S e p a r a t  i o n  
Midcourse C o r r e c t i o n  for Rendezvous 

I?. Rendezvous Updates  

1. Maneuvers 
2 .  T r a j e c t o r y  data 
3. T a r g e t - V e h i c l e  A c q u i s i t i o n  Data  
4. Termina l  Phase Back-up. 

C .  On-Board N a v i g a t i o n  

1. Hor izon  C a l i b r a t i o n  
2 .  F i r s t  O r b i t  De te rmina t ion  
3.  Ascent  V e c t o r  T r a n s l a t i o n  D e t e r m i n a t i o n  
4 .  O r b i t  D e t e r m i n a t i o n ,  F i n a l  Phase 
5 .  O r b i t  D e t e r m i n a t i o n  T r a n s l a t i o n  D e t e r m i n a t i o n  
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D .  Sys tem Tests and  T r a n s i t i o n s  

1. Radar  Lock-on 
2 .  Tes t  Rndz. 
3. Comp. - Rndz. 
4 .  S t a r t  Comp. - Push 
5 .  Ex tend  Docking Bar 

IV. OPERATIONAL CHECKS AND OBJECTIVES 

A .  S/C - Agena O p e r a t i o n s  

1. 
2 .  
3 .  
4. 
5 .  
6. 
7.  
8 .  
9 .  

Dock 
Undock 
Format ion  F l y i n g  or S t a t i o n  Keeping 
Pre-Sleep  C h e c k l i s t  
E l e c t r i c - C h a r g e  M o n i t o r  Test  
Bending Mode Tes t  
P l a t f o r m  P a r a l l e l i s m  Check 
SPC-Loaded Y a w  Maneuver 
T e t h e r e d  S t a t i o n  Keeping 

a. Spun-up 
b .  Grav i ty -Grad ien t  S t a b i l i z a t i o n  

1 0 .  F i n a l  S e p a r a t i o n  Burn 

B .  E x t r a  V e h i c u l a r  A c t i v i t y  (EVA) 

1. EVA P r e p a r a t i o n  

a .  P r e l i m i n a r y  EVA P r e p a r a t i o n  
b .  F i n a l  EVA P r e p a r a t i o n  

2 .  Update EVA S u n r i s e  Time 
3.  Go/No Go f o r  D e p r e s s u r i z a t i o n  
4 .  D e p r e s s u r i z e  Cabin and Open Hatch  
5 .  EVA 

a.  Stand-up 
b .  Umbi l i ca l  

6 .  I n g r e s s  
7 .  Close  Hatch  and R e p r e s s u r i z e  S p a c e c r a f t  
8 .  P o s t  I n g r e s s  P rocedure  
9. Equipment J e t  t i s o n  

1 0 .  P o s t  EVA Procedure  

C .  A d d i t i o n a l  O b j e c t i v e s  

1. A p o l l o  Landmark I n v e s t i g a t i o n  
2 .  Apo l lo  Sump-Tank Camera Test 
3 .  ATM E x e r c i s e  
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V .  EXPERIMENTS 

A .  DeDartment o f  Defense 

1. D-3: Mass d e t e r m i n a t i o n  

a .  C a l i b r a t i o n  b u r n  
b .  Plass d e t e r m i n a t i o n  b u r n  

2 .  D-5: S t a r  o c c u l t a t i o n  n a v i g a t i o n  

3 .  D-10: I o n  s e n s i n g  a t t i t u d e  c o n t r o l  
2 

a .  
b .  

d .  
e .  
f .  
g .  
h .  

C .  

Mode A :  
Mode B:  
Mode C :  
Mode D: 
Mode E :  
Mode F: 
Mode G:  
Mode H :  

E q u i p  men t e x t  e n  s i on and  a c t  i v a t  i o n  
Ambient da ta  a c c u m u l a t i o n  
Roll a t t i t u d e  s t u d y  
P i t c h  a t t i t u d e  s t u d y  
Yaw a t t i t u d e  s t u d y  
Photo  e m i s s i o n  e f f e c t s  
Random data  accumula t ion  
Trans  l a t i o n  t h r u s t e r  e f f e c t s  

4. D-12 : A s t r o n a u t  maneuvering u n i t  

5 .  D-14: UHF-VHF p o l a r i z a t i o n  

a .  Mode 1: With p l a t f o r m  and computer  
b .  Mode 2: Without  computer  
c .  Mode 3: Without  computer  a n d  p l a t f o r m  

6 .  D - 1 5 :  Night  image i n t e n s i f i c a t i o n  

a .  Mode 0 4 :  T h r u s t e r  e f f e c t s  

7 .  D-16: Minimum r e a c t i o n  power t o o l  e v a l u a t i o n  

B .  Manned SDacec ra f t  C e n t e r  

1. MSC-3: T r i - a x i s  magnetometer  (M-405) 
2 .  MSC-5: Lunar  UV s p e c t r a l  r e f e r e n c e  
3 .  MSC-6: B e t a  s p e c t r o m e t e r  (M-408) 

a .  Mode A :  C o n t r o l l e d  a t t i t u d e  
b .  Mode B: C o n t r o l l e d  r o l l  r a te  

4 .  MSC-7: B r e m s s t r a h l u n g  s p e c t r o m e t e r  (M-409) 

*Modes are as  d e f i n e d  for GT-10. Modes B and  F were combined 
as Mode E i n  GT-12 and  o t h e r  modes r e - l e t t e r e d  a c c o r d i n g l y .  
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5 .  MSC-8: C o l o r  p a t c h  pho tography  
6 .  MSC-12: Landmark c o n t r a s t  

a .  Mode A :  Boundary o b s e r v a t i o n s  3 
b .  Mode B:  Day l igh t  l u n a r  c a l i b r a t i o n  
e .  Mode C :  Night  l u n a r  c a l i b r a t i o n  
d .  Mode D: P l a n e t a r y  c a l i b r a t i o n  
e .  Yode E:  Cloud deck c a l i b r a t i o n  

C .  S c i e n c e  

4 1. S-1: Z o d i a c a l  L i g h t  Photography 
2 .  S-3: F r o g  Egg Growth 

a .  Heater-on 
b .  A c t i v a t i o n  (GT-8 o n l y )  
e .  F i x  r igh t -hanu  or l e f t - h a n d  u n i t  

3 .  S-4: R a d i a t i o n  and Zero  G E f f e c t s  on Blood and 
Neurospora  Cells 

a .  Mode A :  Neurospora  package  a c t i v a t i o n  
b .  Mode B:  Blood package a c t i v a t i o n  
e .  Mode C :  Blood and  n e u r o s p o r a  package  d e a c t i v a t i o n  

4. S-5: S y n o p t i c  t e r r a i n  pho tography  
5 .  S-6: S y n o p t i c  w e a t h e r  pho tography  
6 .  S - 7 :  Cloud t o p  s p e c t r o m e t e r  
7 .  S-9: N u c l e a r  emuls ion  

a .  Exper iment  package  r e c o v e r y  

8 .  S-10: M i c r o m e t e o r i t e  c r a t e r  c o l l e c t i o n  
9 .  S-11: Airglow h o r i z o n  pho tography  

1 0 .  S-12: M i c r o m e t e o r i t e  c o l l e c t i o n  

a .  C o l l e c t o r  door-open 
b .  C o l l e c t o r  door -c lose  
e .  C o l l e c t o r  door- lock  
d.  Expe r imen t  r e t r i e v a l  

11. S-13: UV As t ronomica l  camera 

3Sequences 01-11  g i v e  t h e  c o a s t l i n e s  t h a t  can be  used  f o r  
Mode A. The ones  s e l e c t e d  f o r  t h e  nominal  f l i g h t  p l a n  were a l s o  
c a l l e d  out as p a r t  o f  t h e  a c t i v i t y  d e s i g n a t i o n  (GT-10 f l i g h t  p l a n ) .  

S i n c e  i t  h a d  o n l y  one mode on e a c h  m i s s i o n ,  t h e s e  modes do n o t  
‘S-l was EVA on GT-9A and from t h e  c a b i n  on GT-8 and  GT-10. 

n e e d  to b e  d i s t i n g u i s h e d ,  b u t  t h e  a c t i v i t y  r e q u i r e m e n t s  would b e  
d i f f e r e n t  f o r  9A. 
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1 2 .  S-26: I o n  wake measurement 

a. Sequence 1: Day, E a r t h ' s  m a g n e t i c  f i e l d  l i n e s  

b .  Sequence 2 :  N i g h t ,  E a r t h ' s  m a g n e t i c  f i e l d  l i n e s  

e .  Sequence 3: N i g h t ,  Sou th  A t l a n t i c  Anomaly 

p e r p e n d i c u l a r  t o  v e l o c i t y  v e c t o r .  

p e r p e n d i c u l a r  t o  v e l o c i t y  v e c t o r .  

r e g i o n .  

1 3 .  S-29:  L i b r a t i o n  r e g i o n s  photography 
1 4 .  S-30: D i m  s k y  p h o t o g r a p h s / o r t h i c o n  
15. S-51: Sodium vapor  c l o u d  

a.  F i r s t  p a s s  
b .  Second p a s s  

Technology 

1. T-2:  M a n u a l  n a v i g a t i o n  s i g h t i n g s  
2 .  T-17:  Me teo ro id  e r o s i o n  



A P P E N D I X  B 

Gemini Sys t em-S ta t e  Variables f o r  F l i g h t  P l a n n i n g  

T h i s  a p p e n d i x  c o n t a i n s  p r e l i m i n a r y  l i s t s  o f  Gemini 
system-state  v a r i a b l e s  and  s u p p o r t i n g  i n f o r m a t i o n  t h a t  were 
o r i g i n a l l y  p r e s e n t e d  t o  MSC a s  working papers  on March 8 ,  1 9 6 7 .  
The Gemini l i s t  p r o v i d e d  background f o r  p r e p a r a t i o n  of a s imi l a r  
l i s t  from t h e  M i s s i o n  Modular Data Book f o r  an Apo l lo  s p a c e c r a f t ,  
p r e s e n t e d  by M .  A .  Robinson on t h e  same da te .  I n  s u b s e q u e n t  work 
on t h e  s t u d y ,  TRW s u p p o r t i n g  t h e  F l i g h t  P l a n n i n g  Branch f o r m a t t e d  
t h e  A p o l l o  l i s t  fo r ,  u se  i n  d e v e l o p i n g  t h e  model r e f e r r e d  t o  p r e -  
v i o u s l y .  
no  a t t e m p t  was made t o  upda te  t h i s  p r e l i m i n a r y  l i s t  as t h e  model 
p r o g r e s s e d .  

S i n c e  t h e  Gemini v a r i a b l e s  were o n l y  i n t e n d e d  f o r  s t u d y ,  

The s e l e c t i o n  o f  system-state v a r i a b l e s  a t t e m p t s  t o  
s p e c i f y  t h o s e  s t a t e s  o f  a Gemini r endezvous  m i s s i o n  t h a t  a f l i g h t  
p l a n n e r  would,  i n  p r i n c i p l e ,  have  t o  keep i n  mind. 
l i s t  o f  s u c h  v a r i a b l e s  i s  i n c l u d e d  as T a b l e  B-1 .  The c a t e g o r i e s  
u n d e r  which t h e  v a r i a b l e s  a r e  l i s t e d  p r o v i d e  a t e n t a t i v e  o r g a n i -  
z a t i o n .  A r e v i s e d  c a t e g o r i z a t i o n  f o r  t h e  model t h a t  would a l s o  
c o v e r  t h e  v a r i a b l e s  l i s t e d  h e r e  i s  s u g g e s t e d  on page  5 .  
v a r i a b l e s  d e f i n e d  i n  t h e  t a b l e  p o t e n t i a l l y  d e s c r i b e  p r o f i l e s  of  
s t a t e s  a c r o s s  m i s s i o n  t ime.  The r i g h t - h a n d  column i n  t h e  t a b l e  
d e s i g n a t e s  e i t h e r  a d imens ion  f o r  a c o n t i n u o u s  
o f  d i s c r e t e  s t a t e s  t h a t  would be  needed  t o  c o n s t r u c t  s u c h  a p r o f i l e .  

f l i g h t  p l a n n i n g  i s  p r i m a r i l y  conce rned  w i t h  t h e  s c h e d u l i n g  o f  
o r b i t a l  o p e r a t i o n s .  
t h a t  a r e  p r e v i o u s  t o  t h e  i n s e r t i o n  c h e c k l i s t  and  s u b s e q u e n t  t o  t h e  
p r e r e t r o  c h e c k l i s t  were e x c l u d e d  from t h e  a n a l y s i s .  Var iab les  a r e  
i n c l u d e d  t o  d e s c r i b e  p r o f i l e s  o f  o r b i t a l  s t a t e s  or changes  o f  s t a t e  
s p e c i f i c a l l y  n o t e d  i n  t h e  summary f l i g h t  p l a n s .  A d d i t i o n a l  sys t em-  
s t a t e  v a r i a b l e s  i n  t h e  l i s t  are  a s s o c i a t e d  w i t h  o t h e r  r e q u i r e m e n t s  
o f  t h e  s c h e d u l e d  nomina l  o p e r a t i o n s .  To make t h i s  r e p r e s e n t a t i o n  
c o m p a t i b l e  w i t h  p r o c e d u r a l  d a t a ,  i n d i v i d u a l  s w i t c h  p o s i t i o n s  were 
s p e c i f i e d  t o  d e f i n e  t h e  s t a t e s  o f  many hardware s y s t e m s .  
f o l l o w i n g  g u i d e l i n e s  p e r t a i n  t o  t h e  s e l e c t i o n  o f  t hese  s w i t c h  s p e c i -  
f i c a t i o n s  from t h e  f u l l  l i s t .  

An i l l u s t r a t i v e  

The 

v a r i a b l e  or a f i e l d  

I n  s e l e c t i n g  a p p l i c a b l e  v a r i a b l e s ,  i t  was assumed t h a t  

The complex, w e l l - d e f i n e d  s e q u e n c e s  o f  s t a t e  

The 

1. S w i t c h i n g  p r o v i d e d  f o r  r edundan t  f u n c t i o n s ,  s u c h  as 
i d e n t i c a l  p r i m a r y  and s e c o n d a r y  s y s t e m s ,  i s  o m i t t e d .  

2 .  The d e t a i l s  of power d i s t r i b u t i o n ,  i n c l u d i n g  c i r c u i t  
b reakers ,  are o m i t t e d ,  e x c e p t  f o r  t h o s e  f u n c t i o n s  
n o m i n a l l y  performed t o  power down and power up t h e  
s p a c e c r a f t .  

3.  S t a t e s  o f  a d d i t i o n a l  equipment  p r o v i d e d  f o r  e x p e r i m e n t s  
are  an i n t e r n a l  m a t t e r  t o  t h e  e x p e r i m e n t a l  p r o c e d u r e s ,  
e x c e p t  where two e x p e r i m e n t s  u sed  t h e  same equ ipmen t ,  
s u c h  as a camera,  TV m o n i t o r ,  pho tomete r  or s p e c t r o m e t e r .  
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A more comple t e  s p e c i f i c a t i o n  would have  to b e  made f o r  a p p l i c a -  
t i o n s  t o  m a l f u n c t i o n s  or c o n t i n g e n c y  p l a n n i n g  a t  a s i m i l a r  l e v e l  
o f  d e t a i l .  

The v a r i a b l e s  i d e n t i f i e d  i n  t h i s  l i s t  a re  n o t  i n d e p e n d e n t .  
A docked  c o n f i g u r a t i o n  o f  t h e  Gemini s p a c e c r a f t  and Agena, f o r  
example ,  i m p l i e s  t h a t  a t t i t u d e  c o o r d i n a t e s  a re  e i t h e r  e q u a l  or 
o p p o s i t e  f o r  t h e  two v e h i c l e s ,  depend ing  on t h e  c o o r d i n a t e  and  
r e f e r e n c e  s y s t e m .  I t  a l s o  i m p l i e s  t h a t  t h e  s p a c e c r a f t  radar  n o t  
b e  s w i t c h e d - t o  "On" d u r i n g  t h i s  t ime  and  t h a t - o n l y  one v e h i c l e  i s  
p r o v i d i n g  a t t i t u d e  c o n t r o l  a t  any one t i m e .  A c o n s t r a i n t  l o g i c  
i n c o r p o r a t i n g  s u c h  v a r i a b l e s  must a s s u r e  i n t e r n a l  c o n s i s t e n c y  o f  a l l  
s t a t e s  a t  any m i s s i o n  t i m e  and a l l o w a b l e  t r a n s i t i o n s  o f  t h e  s t a t e s .  
These  p r o f i l e  to p r o f i l e  r e q u i r e m e n t s  a re  r e f e r r e d  t o  i n  t h i s  s t u d y  
as i n t e r n a l  l o g i c  among t h e  v a r i a b l e s .  

Using i n t e r n a l  l o g i c ,  some a b b r e v i a t i o n  o f  t h e  v a r i a b l e s  
p r e s e n t e d  would b e  p o s s i b l e  i f  e i t h e r  (1) some o f  t h e  s w i t c h e s  are  
n o m i n a l l y  i n  a known p o s i t i o n  u n l e s s  r e q u i r e d  i n  an o t h e r  s t a t e ,  
or ( 2 )  s t a t e s  o f  d i f f e r e n t  s w i t c h e s  a r e  l o g i c a l l y  i d e n t i c a l ,  s o  
t h a t  a g i v e n  s t a t e  o f  one s w i t c h  a lways  i m p l i e s  a p a r t i c u l a r  s t a t e  
o f  a n o t h e r  s w i t c h  a n d  v i c e  v e r s a .  Any s w i t c h e s  i n  t h e  f i r s t  c a t e g o r y  
c o u l d  be  o m i t t e d ,  and  t h e  second  c a t e g o r y  c o u l d  be c o n s o l i d a t e d  t o  
a s i n g l e  v a r i a b l e ,  which  might b e  s i m p l y  one o f  t h e  two s w i t c h e s .  
The l o g i c  i s  u s u a l l y  more complex, however .  To i l l u s t r a t e  w i t h  a 
r e l a t i v e l y  s i m p l e  c a s e ,  u s e  o f  t h e  Gemini on-board computer  i m p l i e d  
o b t a i n i n g  a t t i t u d e - c o n t r o l  power from t h e  I n e r t i a l  Guidance  Sys t em 
i n v e r t e r  ( A C  Power-IGS). T h i s  s w i t c h  p o s i t i o n  would s t i l l  be u s e d  
i f  t h e  p l a t f o r m  were b e i n g  used w i t h o u t  t h e  computer .  With n e i t h e r  
t h e  p l a t f o r m  n o r  computer  on, t h e  A t t i t u d e  C o n t r o l  and  Maneuver ing  
E l e c t r o n i c s  (ACME) i n v e r t e r  would n o r m a l l y  be  u s e d  f o r  a t t i t u d e  con- 
t r o l  t o  c o n s e r v e  power.  A r e q u i r e m e n t  f o r  A C  Power - ACME would b e  
f u l f i l l e d  by AC Power - IGS i f  e i t h e r  t h e  p l a t f o r m  or computer  a r e  
a l s o  i n  u s e .  The number o f  s t a t e s  r e q u i r e d  to s p e c i f y  s y s t e m  con- 
f i g u r a t i o n s  a l s o  might  b e  c o n s o l i d a t e d  by i d e n t i f y i n g  t h e  s t a t e  
v a r i a b l e s  a s  f u n c t i o n a l  c o n f i g u r a t i o n s ,  s u c h  as O r b i t a l  A t t i t u d e  a n d  
Maneuver ing  Sys tem (OAMS) t h r u s t ,  w i t h  i m p l i e d  s w i t c h  p o s i t i o n s .  The 
s p e c i f i c a t i o n  g i v e n  h e r e  i s  more g e n e r a l ,  e s p e c i a l l y  f o r  i l l u s t r a t i v e  
p u r p o s e s .  

I n  a d d i t i o n  to t h e  s t a t e  v a r i a b l e s ,  t e m p o r a l  v a r i a b l e s  
o f  p r i m a r y  i n t e r e s t  i n  f i i g n t  p i a n n i n g  a re  t h o s e  a s s o c i a t e d  w i t h  
a c t i v i t i e s .  A c t i v i t y  p r o f i l e s  may b e  t r e a t e d  i n  t h e  l o g i c  as 
a n a l a g o u s  t o  o t h e r  s t a t e  p r o f i l e s  by d e f i n i n g  t h e  s t a t e s  o f  an 
a c t i v i t y  to b e  " s c h e d u l e d "  or " u n s c h e d u l e d . "  A r e q u i r e m e n t  o f  t h e  
s c h e d u l e d  s t a t e  may be w r i t t e n  a g a i n s t  a t i m e  r e f e r e n c e ,  which  i n -  
c l u d e s  g round  e l a p s e d  t ime ( G E T ) ,  Greenwich mean t i m e  (GMT),  or 
l o c a l  s i d e r e a l  t i m e .  A l t e r n a t i v e l y ,  a r e q u i r e m e n t  t h a t  t h e  a c t i v i t y  
be  s c h e d u l e d  would b e  accompanied by a c o n s t r a i n t  on a t e m p o r a l  
v a r i a b l e  a s s o c i a t e d  w i t h  i t .  These  t e m p o r a l  v a r i a b l e s  i n c l u d e :  

1. T i m e  o f  i n i t i a t i o n  or t e r m i n a t i o n  o f  t h e  a c t i v i t y  
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2 .  D u r a t i o n  o f  t h e  a c t i v i t y  

3. T i m e  between a c t i v i t i e s  

4 .  F requency  of  r e p e t i t i o n s  or t o t a l  t i m e  r e q u i r e d .  

V a r i a t i o n s  i n  s t a t e  p r o f i l e s  may b e  a consequence  o f  
s c h e d u l i n g  an a c t i v i t y  t h a t  c o n t r o l s  them or may b e  d e t e r m i n e d  
b y  f a c t o r s  o t h e r  t h a n  s c h e d u l i n g  a c t i v i t i e s .  V a r i a t i o n s  t h a t  
a r e  random canno t  b e  s p e c i f i c a l l y  f l i g h t  p l a n n e d ,  s u c h  as a t t i t u d e  
d r i f t  i n  t h e  a b s e n c e  o f  a c o n t r o l l e d  mode. T r a j e c t o r y - r e l a t e d  
p r o f i l e s  a r e  n o m i n a l l y  p r e d i c t a b l e ,  b u t  t h e y  depend upon a l a r g e  
number o f  a d d i t i o n a l  v a r i a b l e s  n o t  l i s t e d  i n  t h e  a t t a c h m e n t .  O t h e r  
areas  o f  m i s s i o n  p l a n n i n g  such as r e c o v e r y  p l a n n i n g  a l s o  a f f e c t  
f l i g h t  p l a n n i n g ,  b u t  t h e  v a r i a b l e s  i n v o l v e d  are p r i m a r y  t o  t h e  
a d d i t i o n a l  a rea .  The l o c a t i o n s  o f  apogee f o r  h i g h - o r b i t  maneuvers ,  
f o r  example ,  and t h e  number o f  a l l o w a b l e  h i g h  o r b i t s  i n  Gemini were 
c o n s t r a i n e d  b y  t h e  r e q u i r e m e n t  t h a t  one nomina l  or one c o n t i n g e n c y  
l a n d i n g  area be a c c e s s i b l e  for e a c h  o r b i t .  These terms a re  d e f i n e d  
i n  t h e  M i s s i o n  Ru les  a c c o r d i n g  t o  t h e  s t a t e  o f  p r e p a r a t i o n  f o r  re- 
cove ry  t h a t  i s  a v a i l a b l e  i n  t h e  a r e a .  Such f a c t o r s  are c o n s i d e r e d  
by t h e  f l i g h t  p l a n n e r  i n  making d e c i s i o n s  a b o u t  t h e  o v e r a l l  s t r u c t u r e  
o f  t h e  f l i g h t  p l a n .  S i n c e  t r a j e c t o r y - r e l a t e d  p r o f i l e s  w i l l  b e  h i g h l y  
d e t e r m i n e d  a t  t h e  p o i n t  o f  d e t a i l e d  f l i g h t  p l a n n i n g ,  however ,  o n l y  
t h o s e  p r o f i l e s  d i r e c t l y  r e l a t e d  t o  a c t i v i t y  r e q u i r e m e n t s  were i n -  
c l u d e d  as p r i m a r y  data .  

I n  o r d e r  t o  i l l u s t r a t e  some o f  t h e  v a r i e d  forms  o f  o p e r a -  
t i o n a l  r e q u i r e m e n t s  from which T a b l e  B-I was d e r i v e d ,  sample  e x p e r i -  
ment r e q u i r e m e n t s  a r e  i n d i c a t e d  i n  F i g u r e  B - 1 .  These  e x p e r i m e n t s  
were s c h e d u l e d  f o r  Gemini 8 t h r o u g h  Gemini 1 2  ( e x c e p t  M - 5 ,  D-12 a n d  
S-51 o m i t t e d  he re ) .  The r e q u i r e m e n t s  are p r e s e n t e d  i n  t e r m s  o f  
v a r i a b l e s  f rom T a b l e  B-I I n  t h e  form o f  a " m a t r i x . "  Each e n t r y  
r e p r e s e n t s  a r e q u i r e d  s t a t e  f o r  some mode or t r i a l  o f  t h e  e x p e r i m e n t  
on t h e  v a r i o u s  m i s s i o n s ,  as s p e c i f i e d  b y  t h e  e x p e r i m e n t a l  p r o c e d u r e s .  
Not a l l  e n t r i e s  a p p l y  t o  a l l  modes or m i s s i o n s  f o r  which r e q u i r e m e n t s  
a r e  s p e c i f i e d ,  however .  Separate modes are a n a l y z e d  w i t h i n  a n  e x p e r i -  
ment when more c o n v e n i e n t  t o  show d i f f e r e n t  r e q u i r e m e n t s  f o r  t h e  same 
v a r i a b l e .  A s p e c i a l  symbol ( * >  i s  e n t e r e d  where m u l t i p l e  a l t e r n a t i v e s  
or a p r o f i l e  o f  s t a t e s  a re  s p e c i f i e d  b y  t h e  e x p e r i m e n t  p r o c e d u r e .  
S i n c e  t h i s  p r e s e n t a t i o n  i s  p r i m a r i l y  f o r  i l l u s t r a t i o n ,  n o t  a l l  v a r i -  
a b l e s  or r e l a t i o n s h i p s  among t h e  v a r i a b l e s  r e q u i r e d  f o r  a comple t e  
s p e c i f i c a t i o n  are r e p r e s e n t e d .  Nominal s t a t e s  t o  which  a v a r i a b l e  
i s  r e t u r n e d  a t  t h e  end  of  t h e  e x p e r i m e n t  are a l s o  n o t  i n c l u d e d ,  s u c h  
as r e suming  a t t i t u d e  s t a b i l i z a t i o n  from t h e  Agena a t  t h e  end  of  a n  
e x p e r i m e n t  when docked .  
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TABLE B - I  

Illustrative Gemini System-State Variables for Flight Planning 

I. Trajectory-related variables 

A. Spacecraft 
1. Orbit 

a. Rev. No. 
b. Previous translation 
e. Apogee 
d. Perigee 
e. Position of apogee above 

earth's surface (for a 
particular rev.) 
1) Latitude 
2) Longitude 

surface 
1) Latitude 
2) Longitude 

2. Ground Station Coverage 

f .  S/C position above earth's 

a. Identification of station 
b .  Maximum elevation 
c. Minimum range 
d. Communications and 

tracking 
e. Transmission to MCC 

3. Attitude 
a. Special cases: 

b .  Local attitude coordinates 
1) Pitch 
2) Roll 
3) Yaw 

coordinates) 
1) Pitch rate 
2) Roll rate 
3 )  Yaw rate 

c. Attitude rates (local 

4. Illumination 
a. Sun visibility 
b. Sun elevation 

1, 2, . . . 
Symbol 
Nautical miles 
Nautical miles 

Degrees 
ll 

Degrees 
1 1  

Symbol 
Degrees 
Nautical miles 
C(ommand), V(oice), 
R(adar), T(e1emetry) 
Voice, H S D ,  WBD, TTY 

SEF, BEF, target vehicle, 
sun, star, moon, planet, 
landmark 

Degrees 
11  

I I  

Degrees/sec 
Degrees/sec 
Degrees/sec 

Day/night 
Degrees 
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TABLE €3-1 ( C o n t i n u e d )  

5 .  O b s e r v a b l e  phenomena ( f r o m  t h e  
s p a c e c r a f t  ) 
a .  

b .  

C .  

d .  

S t a r  
1) Maximum e l e v a t i o n  w i t h  

2 )  % n i g h t  pass v i s i b l e  
rv2o on 
1) Phase  
2 )  P o s i t i o n  r e l a t i v e  t o  

3 )  Max. e l e v a t i o n  w i t h  

r e s p e c t  to s p a c e c r a f t  

s t a r f  i e  Id 

r e s p e c t  to s p a c e c r a f t  
( f o r  a g i v e n  re-#. ) 

4) % n i g h t  pass v i s i b l e  
P l a n e t  
1) P o s i t i o n  r e l a t i v e  to 

2 )  Max. e l e v a t i o n  w i t h  
s t a r f i e l d  

r e s p e c t  t o  s p a c e c r a f t  
( f o r  a g i v e n  r e v .  ) 

3) % n i g h t  pas s  v i s i b l e  
Landmark o n  e a r t h ' s  s u r f a c e  
1) Max. e l e v a t i o n  
2 )  Min. r a n g e  
3 )  Sun e l e v a t i o n  

B .  R e l a t i o n s h i p  o f  S p a c e c r a f t  t o  
T a r g e t  V e h i c l e  
1. S p e c i a l  c a s e s  

a. Docking s t a tus :  
b .  I f  undocked:  

2 .  R e l a t i v e  v e l o c i t y  
a. Range r a t e  
b .  Azimuth r a t e  of  change  
e .  E l e v a t i o n  r a t e  o f  change  

a. Range 
b .  Azimuth 
e .  E l e v a t i o n  

? Dnn;  + <  -- 
J .  L U 1 3 1 b 1 U l l  

C .  Target  V e h i c l e  
1. Ground s t a t i o n  cove rage  ( i f  

undocked w i t h  s p a c e c r a f t )  
a .  I d e n t i f i c a t i o n  of s t a t i o n  

N a m e  

Degrees  
% 

0, 1/4, 1/2, 3/4, f u l l  
( C o o r d i n a t e s  on star 
c h a r t )  
Degrees 

% 

( C o o r d i n a t e s  on s t a r  
c h a r t )  
Degrees  

% 

Degrees  
N a u t i c a l  m i l e s  
Degrees 

Docked/undocked 
Forma t ion  f l y i n g ,  s t a t i o n -  
k e e p i n g ,  Agena p o s i t i o n e d  
f o r  r e n d e z v o u s ,  Agena 
p a r k e d  

F t / s e c  
Degrees / sec  
Degrees / sec  

N a u t i c a l  m i l e s  or f e e t  
Degrees  
Degrees 

Symbol 



b. Maximum elevation 
e .  Minimum range 
d. Communications and 

tracking 
e. Transmission to MCC 

a. TDA cardinal heading: 
2. Attitude 

b. Attitude coordinates 
1) Pitch 
2) Roll 
3 )  Yaw 

with spacecraft) 
a. Sun visibility 
b. Angle between sun LOS 

and spacecraft and 
target vehicle LOS 

3. Illumination (if undocked 

11. Flight Crew 

A. Astronauts 
1. Task involvement 

a. Particular astronaut 
b. Coordination 

a. Pilot 
b. EVA type 
e. Umbilical EVA locations 

2. Location 

3. Workload 
a. Attention 
b. Physical work 

B. Personal Equipment 
1. Suit 

a. Helmet 
b. Visor 
e. Gloves 

2. Restraint 
a. Couch 
b .  EVA 

3. Special Equipment 
a. Maneuvering unit 

111. Spacecraft Systems (Selected) 

A. Electrical 
1. Fuel cells 

a. Purge 

Degrees 
Nautical miles 
C(ommand), R(adar), 
T(e1emetry) 
Voice, HSD, WBD, TTY 

Forward, aft, North, 
South, up, down 

Degrees Target vehicle 
Degrees local coordinate 
Degrees ,( system 

Day/nigh t 
Degrees 

C/P/C, p 
CP 

C ouc h/EVA 
Standup/umbilical 
Spacecraft/Free/Target 
vehicle 

? 
BTU/hr 

On/of f 
Closed/open 
On and locked/off 

Attached/loose/tight 
Standup/umb ilic al/work 
station 

0*/0f f / H *  



TABLE B-I  (Continued) 

2. Main batteries 
a. Test 

3. AC inverters 
a. Power source 

4. Cabin lights 
a. Left and right 
b. Center 

5. Exterior Lights 
a. Mode 

B. Environmental 
1. Oxygen loop 

a. Cabin pressure 
b. Suit fans 

2. Coolant l o o p  
a. Pumps 

b. Radiator 
c. Evaporator 

1) Primary loop 

C. Control 
1. 

2. 

3 .  

4. 

5 .  

6. 

ACME 
a .  Control mode 

b. Power on 
OAMS 
a. Control power 
b. Propellant indication 

Maneuver controller 
a. Preparation for use 
Rate gyros (3) 
a. Power 
Scanner 
a. Power 
Reticle 
a. Mounting 

D. Navigation 
1. FDI 

a. Scale range 
b. Flight Director ref, 
c. Flight Director mode 
d. Attitude indicator 

2. Platform 
a. Mode: 

b. Alignment 

On/of f/test 

IGS /o f f /ACME 

Red/off/white 
Dim/of f/bright 

Dock/off/EVA 

Depressurized/pressurized 
No. l/off/Nos. 1 & 2 

A. On/off, B: On/off 
Flow/by-pass 
Max flow/normal 

Hor. scan/rate cmd./ 
direct/pulse/re-ent. 
rate cmd./re-ent./plat. 
Pri-sec/off 

On/off 

OAMS-res/. . . OAMS-S/OAMS-REG/F/ 

Unstowed-on/stowed-off 

Pri-sec/off 

Pri-sec/off 

Left / right/stowed 

Hi/low 
RDR/PLAT/Comp 
Rat e /Mi x/A t t . 
With FDI/without FDI/off 

Off/cage/SEF/orbit 
rate/BEF/cage/free 
Cri%ical/non-critical 



TABLE B-I (Continued) 

3. Computer 
a. Mode 

b. Module loaded 
c .  MDU power 
d. ATM alode 
e. ATM power 
f. Phase of program cycle 

a. Power 
b. Angular data and command: 
c .  Range (through computer) 

4. Radar 

5. Encoder (Xmit req. radar 
lock on) 
a. Power 

6. Docking bar 
a. Sequential status 

b . Power (additional 
specialized functions 
as well) 

7. Event timer 
a. Counting 

8. Stop time clock 
a. Counting 

E. Communications 
1. Voice 

a. Audio Mode 
b. HF 
c .  UHF antenna 
d. Record 

2. C-band beacons 
a. C-Adapt. 
b. C-Rnty. 

Preln/Asc/Nav/Rndz/ 
Pred. Nav/Re-ent/Orb. det. 
I through VI 
On/of f 
Stby/auto/rewind/wind/prog. 
On/reset/off 
Start signal (specific 
sequence depends upon program) 
On/stby ./off 
Lock on/no lock on 
10 ft < range < 250nm/not 
in this range 

On/off 

Retracted/extended/ 
j et t is oned 
Dock/off/exp. 

Up/down/stoIj 

Up/down/stop 
(2 switches here) 

HF-DF/HF/Int./UHF 
Rnty/off 
Rn ty /Adap t . 
Cont/off/Mom 

Cont./cmd. 
Cont./cmd. 

F. Instrumentation (t Miscellaneous) 
1. TM recorder (DCS) Cont/off/playback 
2. Biomed recorder 1 Cont/of f 
3. Biomed recorder 2 Cont/off 

IV. Target Vehicle Systems (Selected) 

A. Control 
1. Flight-control mode FC1, FC2, FC3, FC6 
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TABLE B - I  (Continued) 

2. v 
3. Spored program commands 

E. Subsystems (other than control 
subsystems) 

1. Acquisition beacon 
2. Lights 
3. Telemetry 
4. L-band system 
5. ACS 
6. PPS 
7. SPS 

V. Spacecraft Consumables 

A. 

B. 

C. 

D. 

Propellant 
1. OAMS propellants 

a. Weights 
2. RCS propellants 

a. Weight 
Electrical Power 
1. Fuel cells 

a. Average current 

2. Main batteries 

Life Support 
1. ECS Oxygen 

Film and recording tape 
1. Photographic film 

a. Average current 

a. Average rate 

a. Type 
b. Particular use 
e .  Quantity 

a. Quantity 
2. Voice recording tape 

Loaded/verified 
Loaded/verified 

On/of f 
On/of f 
Record/playback/off 
On/of f 
On/off 
On/of f 
On/off 

l b s .  

lbs. 

amp. 

amp. 

lbs./hr. ( ? )  

Camera designation 
Experiment number 
Feet 

Feet ( Mi nut e s ) 



S/C U T I T U D E  

LONGITUDE +-- GROUND STATION 

ATTITUDE (SPEC. CASE) 

ROLL 

PITCH RATE 

YAW RATE 

I SUN ELEVATION 

I LANDMARK 

RANGE 

RANGE RATE 

16 IP CAMERA 

PILOT LOCATION 

EVA TYPE 

UMB. EVA LOCATIONS 

HELMET 

VBOR 

O L O V E S  

AC INVERTERS 

L. (L R. CABIN LIGHTS 

CENTER CABIN LIGHT 

CABIN PRESSURIZATION 

ATTITUDE CNTL.  MODE 

ACME BIAS POWER 

OAMS CONTROL POWER 

PROPELLANT LNDICAT 

MANEUVERCONTROLLER 

RATE GYROS 13) 

R E T I C L E  

FDI  ATTITUDE INDICATOR I 
I I I " ' I n '  SCALE RANGE 

17 

VOICE RECORDER 

*GENA RECORDER 

V A R U  QUlRED CONFIG 
INCLUDED. AS 1 

ATION 01 
iTTlTUDl  '- 

J K E Y  O F  SPECIAL SYMBOLS TO A NOMINAL CONF 

Z A T I O N .  
(3)  0-10 MODES ARE AS DEFINED FOR GEMINI 10. 

I I I ' I I ' F O R T H E D O C K E D M O D E .  

FIGURE B-1: TYPICAL NOMINAL REQUIREMENTS FOR GEMINI EXPERIMENTS. 


